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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a spread spectrum communication system. 

Description of Related Art 

10 

[0002] Spread spectrum communications is a method in w^hich the spectrum of an information signal is spread into 
much wider bandwidth by multiplying the information signal by a spreading code, thereby transmitting the information 
with much wider bandwidth than that of the original information signal, and has characteristics such as communication 
secrecy, anti-interference, anti-multipath fading, and multiple access capability. The term multiple access refers to a 

15 communication system in which a plurality of mobile stations communicate simultaneously with a base station. The 
performance of the spread spectrum communications depends on a spreading factor which is defined as a ratio of the 
bandwidth of transmission to that of the information signal, that is, a ratio of the rate of the spreading code to that of 
the information transmission. The spreading factor, represented in terms of dB, is called the processing gain. For 
example, if the rate ofthe information transmission is 10 kbps, and that of the spreading code is 1 Mcps,the spreading 

20 factor becomes 1 00, and the processing gain 20 dB. 

[0003] The multiple access using the spread spectrum communications is termed CDMA (Code Division Multiple 
Access). In the CDMA system, each one of the users or channels uses a different spreading code so that they are 
distinguished by the spreading codes. 

[0004] Although the CDMA system has been considered to be inferior to the other multiple access systems such as 
25 TDMA (Time Division Multiple Access) in channel capacity (the number of channels in a particular bandwidth), Gil- 
housen, et al, report that it is superior to the TDMA system when applied to a cellular telephone system, as disclosed 
in Gilhousen et al, "On the Capacity of a Cellular CDMA Systems", IEEE Transactions on Vehicular Technology vol. 
40, No. 2, May 1991. 

[0005] Fig. 28 shows a transmitter of a base station in a cellular mobile communication system disclosed in the 
30 above-mentioned paper. To transmit information to a plurality of users at the same time, the base station makes a 
multiplexed signal from respective users' signals and then transmits them. In Fig. 28, the reference numerals 2801 -280N 
denote digital processors of the signals to individual users (user #1 - user #N) whose output signals are multiplexed 
and carrier modulated by a digital linear combiner and QPSK modulator 2810. Its output is fed to a transmitter 2811, 
and undergoes frequency conversion and power amplification to be transmitted to mobile stations. The QPSK (Quad- 
35 rature Phase Shift Keying) is usually called quadrature digital phase modulation. 

[0006] Although interference amounts between users are kept low in a CDMA system because ot employing different 
spreading codes, the total interference amount increases with the number of users. The total interi^erence amount and 
allowable received signal quality decide the channel capacity. 

[0007] A base station can multiplex signals with each signal being synchronized. In this case, using orthogonal codes 
10 as spreading codes makes it possible to reduce to zero the interference among mobile stations receiving the signals 
transmitted from the same base station. Thus using the orthogonal codes enables the interference to be reduced, and 
is very preferable for the CDMA system, although transmitted signals from other base stations or multipath fading 
signals with different received timings even from the same base station cause interference between signals. 
[0008] The conventional techniques described below use multiplex transmission employing orthogonal codes in the 
transmission from a base station to mobile stations except for the cases othenvise specified. 
[0009] Figs. 29 and 30 illustrate a multiplex transmission method of a base station disclosed in USP No. 5103459, 
for example. The apparatus shown in Fig. 29 corresponds to one ofthe transmitted signal digital processors 2801 -280N 
as shown in Fig. 28, and the apparatus shown in Fig. 30 correspond to the linear combiner and QPSK modulator 2810 
and the transmitter 2811 as shown in Fig. 28. 
50 [0010] In Fig. 29, voice channel data 2901 is error correcting encoded by an error correcting encoder 2902, inter- 
leaved by an interleaver2903, and then input to a data scrambler 2904. The data scrambler 2904 carries out exclusive 
OR operation between the input and another input, a FN code generated by a PN code generator 2905, thus being 
data scrambled. Since only the data scramble rather than spectrum spreading is intended here, the code rate ofthe 
PN code generated by the PN code generator 2905 is the same as the bit rate ofthe output ofthe interleaver 2903. 
55 [001 1] The output of the data scrambler 2904 is converted by an orthogonal encoder 2906 into orthogonal codes by 
using Walsh functions provided by a Walsh generator 2907. The Walsh functions are orthogonal code sequences 
generated on the basis of an Hadamard matrix, such that different Walsh functions are assigned to respective users. 
In the example as shown in Fig. 29, the orthogonal encoding is carried out at a code rate 64 times faster than the bit 
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rate of the data output from the scrambler 2904. 

[0012] The output of the orthogonal encoder 2906 is fed to two spread spectrum modulators (EXORs) 2908 and 
2909 to be spectrum spread by different PN sequences generated by two PN code generators 2910 and 2911. The 
PN codes generated by the PN code generators 2910 and 2911 are common to the entire users, and are used to 
5 reduce interference between signals transmitted from different base stations. The rate of the PN codes are the same 
as that of the Walsh functions. 

[001 3] The output of the spread spectrum modulators 2908 and 2909 undergo waveform shaping {band limitation) 
by FIR {Finite Impulse Response) filters 2912 and 2913, gain adjusted by gain adjusters 2914 and 2915, and then 
input to the linear combiner and QPSK modulator as shown in Fig. 30. To the linear combiner and QPSK modulator, 

10 spread spectrum signals are fed which have been orthogonal encoded using orthogonal codes having the same struc- 
ture with but different patterns from those as used in Fig. 29 (that is, Walsh functions of different numbers). 
[0014] The orthogonal encoded spread spectrum signals are converted into analog signals by digital-to-analog (DA) 
converters 3011-30N2, and are input to an adder (Zl) 3030 and an adder (ZQ) 3031 to be added, respectively, thereby 
being output as multiplexed signals. The multiplexed signals are multiplied by two orthogonal carriers, sin(27rft) and 

15 cos(2jift), in multipliers 3032 and 3033, respectively, and then combined by an adder (Z) 3034, thereby QPSK modu- 
lated. 

[0015] In this case, since the same information of each user is halved to undergo the spectrum spreading by different 
PN code sequences and subsequently the QPSK modulation, the information modulation is BPSK modulation (binary 
PSKor binary digital phase modulation) and the spreading modulation is QPSK (quadrature digital phase modulation). 

20 [0016] The QPSK modulated multiplexed signal is multiplied in a multiplexer 3035 by a sine wave provided from a 
frequency synthesizer, and the fundamental wave component of its output is extracted through a bandpass filter (BPF) 
3036. The output of the filter is power amplified by an RF amplifier (RF AMP) 3037, and is led to an antenna. 
[0017] In the CDMA system, larger channel capacity is achieved when the total interference power is reduced. In 
the voice communications, as there are soundless intervals, the channel capacity can be increased by an amount 

25 corresponding to suppression of information transmission during the soundless intervals. 

[0018] In the example as shown in Figs. 29 and 30, the rate of the voice encoders is permitted to be set at one of 
four steps (full rate, 1/2, 1/4 and 1/8) in response to the voice communication state so as to increase the channel 
capacity, and the transmission power is set in accordance with the rates. More that is, although each encoder outputs 
data at the same rate, it repeats the contents of the output by the number corresponding to the rates, so that the 

30 transmission power can be reduced in accordance with the number of repetition. 

[0019] Forexample.sincethe number of bits per particular time period becomes 1/2 ofthe full rate when transmitted 
at 1/2 rate, the duration ofthe output from the encoder also becomes 1/2. Thus, the encoder repeats the same contents 
twice, and the transmission power is set at 1 /2. Likewise, background noise is encoded at 1/8 rate during the soundless 
interval, so that the error correcting encoder continually outputs the same encoded data eight times, enabling the 

35 transmission to be carried out with the transmission power reduced to 1/8. 

[0020] Thus, the example as shown in Figs. 29 and 30 discloses a means for reducing generation of the interference 
by using the orthogonal codes with the signals transmitted from the same base station, or a means for reducing the 
transmission power by switching the information rate in response to the voice communication state. This system, how- 
ever, is a low transmission rate system assuming a cellular telephone system, and hence the maximum rate of the 

10 voice channel data 2901 shown in Fig. 29 is limited to 9.6 kbps. Accordingly, other means are required to transmit 
higher rate data such as image or computer data rather than voice data. 

[0021] Fig. 31 shows an apparatus fortransmitting higher rate data disclosed in JP-T 5/506763, and corresponds to 
the apparatus shown in Figs. 29 and 30. The apparatus shown in Fig. 31 differs from that shown in Figs. 29 and 30 in 
that its controller 3101 keeps constant the spreading code rate, that is, the transmission bandwidth by optimally con- 
trolling the encoding factor of the error correcting encoder, interleave size, and the code length of the Walsh functions 
in response to the input data rate, thereby flexibly adjusting itself to various transmission rates. In JP-T 5/506763, Table 
I is shown as an example ofthe parameters ofthe controller 3101 of the encoding factor rate and the code length of 
the Walsh functions in accordance with the input data. 

50 TABLE 1 



Spreading code rate 
(M chips/s) 


Input data rate{k bits/ 
s) 


Total spreading factor 


Encoding factor 


Walsh function factor 


1.2288 


9.6 


128 


2 


64 


1.2288 


4.8 


256 


4 


64 


1.2288 


19.2 


64 


2 


32 


1.2288 


16 


76.8 


2.4 


32 
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[0022] In Table I, the spreading code rate is given as a product of tlie input data rate and the total spreading factor, 
where the spreading factor is the product of the encoding factor and the Walsh function factor. For example, in the 
case where the input data rate is 9.6 kbps, the error correcting code {convolutional code) with an encoding factor of 
two (= coding rate of 1/2) is used, the encoded symbol rate becomes 1 9.2 kbps (= 9.6 kbps x 2) after the error correcting 

5 encoding, and the spreading code rate becomes 1.2288 M chips/s (= 19.2 kbps x 64) by multiplying each encoded 
bit by the Walsh function with a code length of 64. With the other transmission rates, they can be calculated in the 
same manner. Incidentally, the encoding factor means the ratio of the bit number of the output of the error correcting 
encoder to that of the input Information. In other words, the encoding factor is the inverse number of the coding rate. 
[0023] The above-mentioned setting method Is expected to make optimum use of the available transmission band 

10 by utilizing the fact that the Walsh function factors have the powers of two owing to their structure, and the upper limit 
of the spreading code rate Is limited to 1 .2288 M chlps/s. This is achieved by adjusting the encoding factor and Walsh 
function factor when the Input data rate Is an Integer multiple of 9.6 kbps, or by making the encoding factor different 
from the Integer multiple and setting the Walsh function factor appropriately when the Input data rate Is not the Integer 
multiple. To achieve this, a technique called punctured encoding is used for the encoding method In addition to the 

15 convolutional encoding. 

[0024] Thus, the example as shown in Fig. 31 handles the increase in the transmission rate by varying the encoding 
factor and the Walsh function factor. A further increase in the transmission rate will require a decrease in the encoding 
factor or the Walsh function factor. 

[0025] The decrease in the encoding factor, however, results in the reduction of the error correcting performance, 
20 and this will prevent the required transmission quality from being achieved. In the example as shown in Fig. 31, to 
achieve the transmission quality matching that of the data transmission of 9.6 kbps, the encoding factor of two or more 

Is needed. 

[0026] The reduction In the Walsh function factor, on the other hand, results in a decrease in the code length of PN-I 
and PN-Q to be multiplied, which In turn results in a decrease in the spreading factor (spreading code rate/data trans- 

25 mission rate), and this will reduce the characteristics of the spread spectrum communications such as multiple access, 
antl-jamming, anti-Interference, thereby limiting its spreading factor. For example, Ryuji KOHNO et al. reported that 
the processing gain (that Is, the spreading factor) was limited to about 100-1000, considering the multipath fading 
resistance and system uniformity, In RyujI KOHNO, et al. "Spread Spectrum Access Methods for Wireless Communi- 
cations", IEEE Communications Magazine, pp. 58-67, January, 1995) (the upper limit is restricted by hardware imple- 

30 mentation and frequency band assignment, and so on). 

[0027] Thus, it is necessary to employ other measures to carry out communications at a data rate exceeding 19.2 
kbps in the example as shown in Fig. 31 . Figs. 32-36 are diagrams showing CDMA systems capable of handling various 
services, which were disclosed in A. H. Aghvami, "FUTURE CDMA CELLULAR MOBILE SYSTEMS SUPPORTING 
MULTI-SERVICE OPERATION", 5th IEEE International Symposium on Personal Indoor and Mobile Radio Communi- 

35 cation, 1994. 

[0028] Fig. 32 is a diagram illustrating a method in which signals of various data rate, such as data, image and voice, 
are each spread over the entire assigned frequency band. In this case, since the data rates differ while the code rate 
of the spreading codes Is Identical, the processing gain (spreading factor) varies In accordance with the data rates. 
The spreading codes and the transmission power also depend on the transmission quality required. 

10 [0029] When the data rates differ from each other in the CDMA system, energy per data bit is usually adopted as a 
criterion to equalize the transmission quality. For example, high rate data (computer data, for instance) demands larger 
power because of shorter data interval, and low rate data (voice, for instance) requires smaller power because of longer 
data interval. Although this method is simple, it still has a problem similar to that of the system as shown in Fig. 31 in 
that it reduces the characteristics of the CDMA because its spreading factor decreases with an increase of the data rate. 

f5 [003C] Fig. 33 illustrates a method in which the entire frequency band is divided into sub-bands of different widths 
so that low rate signals (voice) are assigned to a smaller sub-band, middle rate signals (video) are assigned to a larger 
sub-band, and a high rate signal Is assigned to the entire band. The smaller sub-band and the larger sub-band are 
used separately or repeatedly. 

[0031] Although this method has an advantage that the processing gain (spreading factor) can be set within a certain 
50 range when the transmission rate Is below a particular value, it also has a problem In that It reduces the characteristics 
of the CDMA as the systems shown In Figs. 31 and 32 because the spreading factordecreases when the transmission 
rate exceeds the particular value. Furthermore, since the low rate signals and the middle rate signals use different 
frequencies, a control mechanism for assigning the frequency is required in addition to multiple frequency generators. 
Moreover, It has a problem in that both the transmitter and receiver become larger because of a plurality of analog 
55 sections (filters, for example) for matching various transmission bands corresponding to the rates. 

[0032] Fig. 34 illustrates a method in which a time frame is divided into sub-slots of different length so that low rate 
signals (voice) are assigned to a smaller time slot, and middle rate signals (video) are assigned to a larger time slot, 
and a high rate signal is assigned to the entire time slot, thus using the time slots separately or repeatedly 
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[0033] Although this method also has an advantage that the processing gain (spreading factor) can be set within a 
certain range when the transmission rate is below a particular value, it also has a problem in that it reduces the char- 
acteristics of the CDMA as the systems shown in Figs. 31, 32 and 33 because the spreading factor decreases when 
the transmission rate exceeds the particular value. 
5 [0034] Furthermore, since the data interval reduces with the spreading factor as the transmission rate increases in 
the methods shown in Figs. 32-34, the discnmination performance is lost for delay waves with a delay corresponding 
to the data interval when periodic spreading codes are used. This presents a new problem in that it causes co-channel 
interference. 

[0035] Fig. 35 illustrates a multicode system in which a plurality of spreading codes are assigned to middle rate 
10 signals and high rate signals. The middle rate signals and high rate signals undergo serial-to-parallel conversion in 
accordance with their rates so that resultant low rate signals are multiplexed after orthogonal encoded using orthogonal 
codes. This enables the various rate data to be spread at the same spreading factor, thereby providing measures 
against the reduction in the processing gain (spreading factor) and co-channel interference, the problems involved in 
the methods as shown in Figs. 32-34. The variation in the amplitude due to the multiplexing can be solved by spreading 
15 the data using PN codes, after obtaining binary sequences from multilevel signal using a multi-values to binary con- 
version. The Aghvami paper discloses the application of orthogonal modulation, in which one of orthogonal codes like 
Walsh functions is selected, for the multilevel binary conversion (or for the multi-values to binary conversion). 
[0036] The multilevel binary conversion, however, has a problem in that the frequency efficiency rapidly reduces with 
an increase of the multiplexed number. The reason for this is as follows. The code length of the orthogonal functions 
20 are given by 2"^, where N is the multiplexed number. Accordingly, when the transmission is carried out underthe same 
processing gain (spreading factor) and the same spreading code rate, the bandwidth increases by a factor of 2*^ as 
compared with the transmission using multi-valued levels. 

[0037] In addition, a normal multilevel binary conversion without using the orthogonal modulation usually performs 
parallel-to-serial conversion, which demands N timesthe bandwidth as compared with the transmission using the multi- 
25 valued levels as long as the processing gain {spreading factor) andthe spreading code rate are fixed. Thus, the problem 
of the frequency efficiency reduction remains unsolved. 

[0038] Fig. 36 illustrates a method combining the methods as shown in Figs. 32-35. This method combines the 
systems as shown in Figs. 32-35 in accordance with services offered orthe propagation environment of electromagnetic 
waves. Although this method makes it possible to take optimum measures depending on the state of voice, image, or 
30 data, it has a problem in that the system control becomes exceedingly complicated, and assigning control becomes 
complex. 

[0039] Figs. 37-40 illustrate optimum systems of spectrum using, which are disclosed in JP-A 7/303090, in which 
the spectrum is optimized for high rate users (A, B, G and L), middle rate users (C, E, F, H, I, J, M, O and Q) and low 

rate users (D, K, N, R R, S and T). 

35 [0040] The method as shown in Fig. 37 assigns slot numbers and code numbers to users with different rates. It differs 
from the method as shown in Fig. 34 in that it assigns a plurality of spreading codes besides the slot numbers. The 
method as shown in Fig. 37 enables the high rate transmission to carry out the multicode transmission to keep the 
processing gain (spreading factor) greater than a fixed value. The method, however, has a problem in that the system 
becomes complicated. For example, although user F can obtain the desired processing gain (spreading factor) by 

10 using only a single code, it actually performs transmission using multicodes consisting of three codes CO, C1 and C3. 
This requires the receiver to prepare a plurality of correlators, thereby making the system complicated. 
[0041] The method as shown in Fig. 38 assigns sub-frequency bands and codes to users of different rates, that is, 
to high rate users (A, B, G and L), middle rate users (C, E, F, H, I, J, M, O and Q) and low rate users (D, K, N, P, R, S 
and T). It differs from the method as shown in Fig. 33 in that it assigns a plurality of spreading codes besides the sub- 

f5 frequency bands. The method as shown in Fig. 38 enables the high rate transmission to carry out the multicode trans- 
mission to keep the processing gain (spreading factor) greater than a fixed value. This method, however, has a problem 
in that the system becomes complicated. For example, although user F can obtain the desired processing gain (spread- 
ing factor) by using only a single code, it performs transmission using multicodes consisting of three codes CO, CI and 
C3. This requires the receiver to prepare a plurality of correlators, thereby making the system complicated. Furthermore, 

50 it has another problem in that complicated control must be performed such asfrequency assignment and code assign- 
ment. Moreover, it has a problem in that both the transmitter and receiver become large because a plurality of analog 
sections must be prepared which include multiple transmission bands and frequency synthesizers corresponding to a 
plurality of transmitting and receiving frequencies and frequency bands. 

[0042] The method as shown in Fig. 39 assigns both slots and codes to users of different rates, that is, to high rate 
55 users (A, B, G and L), middle rate users (C, E, F, H, I, J, M, O and Q) and low rate users (D, K, N, R R, S and T). The 
codes are not multicodes but single codes with different code lengths. The high rate users can achieve high rate 
transmission by occupying a small code C5 over a long time period in the code space as denoted by A in this figure, 
or by occupying a large code G for a shorf time in the code space as denoted by G in this figure. 
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[0043] The method as shown in Fig. 39 assigns only one code to each user, thus allowing the receiver to prepare 
only one correlator for each corresponding code. It is necessary for the receiver, however, to increase the code rate 
when a large code space is assigned, and this requires the receiverto prepare a plurality of spreading code generators 
and correlators so that it can cope with the code rate corresponding to the large code space. Furthermore, either analog 
5 sections including a plurality of transmission bands must be prepared, or wideband filters must be prepared allowing 
the degradation of characteristics. The former presents a problem in that the size of the transmitter and receiver in- 
creases, and the latter has a problem in that the transmission quality is degraded. 

[0044] Fig. 40 shows a method in which the slots, frequencies and codes as shown in Figs. 38 and 39 are combined 
to achieve optimum results with the users of different rates, that is, high rate users (F, G and H), middle rate users (A, 

10 B, C and E) and low rate users {D, H, I, K and L). This method has an advantage that the frequency, time and code 
space can be efficiently utilized. The method, however, has a problem in that complicated control is required tQ assign 
the frequency, time and codes. In addition, since it is necessary for both the transmitter and receiver to prepare a 
plurality of correlators corresponding to the multiple codes, and analog sections corresponding to the plurality of trans- 
mission bands, a new problem arises that the circuit scale increases. 

15 [0045] The methods as shown in Figs. 37 and 38 do not take steps for the multivalued signal levels due to multicode 
multiplexing. Accordingly, the demand grows severe for linearity of the power amplifier used in the transmitter in ac- 
cordance with the multivalues of the signal levels. This presents a further problem in that this prevents a reduction of 
a circuit size and a power consumption of a circuit. 

[0046] Generally speaking, the number of simultaneously communicatable channels is less than that of assignable 
20 channels (that is, the number of codes). This is because the multiplex transmission from a base station to mobile 
stations using orthogonal codes is subjected to interference due to multipath fading and base stations of neighboring 
cells, and such interference increases with the number of multiplexed channels, and hence an required error rate 
comes to be unachievable. The reverse link transmission from mobile stations to the base station has greater interfer- 
ence than the forward link transmission from the base station to the mobile stations because it is difficult forthe mobile 
25 stations to synchronize transmission timings among them. 

[0047] In the foregoing paper of Gilhousen et al, "On the Capacity of a Cellular CDMA Systems", IEEE Transactions 
on Vehicular Technology vol. 40, No. 2, May 1991, Gilhousen et al. reports that although the number of assignable 
channels to the base station is 64 in the system as shown in Figs. 29 and 30, the number of simultaneously commu- 
nicatable channels falls about 36. The number is an ideal one considering the increasing effect of channels due to 
30 reduction of rates in response to the state of voices; and assuming the best conditions of transmission power control 
and sectoring gain, and therefore the actual number of simultaneously communicatable channels is further reduced. 
In other words, the actual number of practically usable channels will be reduce to only about half the assignable chan- 
nels. This is true with the conventional methods of Figs. 31-40. 

[0048] One possible method to make effective use of the assignable channels would be to limit the multiplexed 
35 number (Walsh function factor) to 32 out of 64 as shown in the following Table 2, and to increase the error correcting 
power of the error correcting codes. This method corresponds to set the encoding factor at a high value. 



TABLE 2 



Spreading code rate 
(M chips/s) 


Input data rate (kbits/ 
s) 


Total spreading factor 


Encoding factor 


Walsh function factor 


1.2288 


9.6 


128 


4 


32 



[0049] Although adopting such a method will increase the communication quality because of the improved error 
45 correcting performance, it presents a problem in that the amount of processing involved in decoding becomes enor- 
mous, and the scale of hardware increases. More that is, when adopting convolutional codes as the error correcting 
codes as already described in connection with the conventional techniques, Viterbi decoding is often employed as a 
decoding method, whose processing amount depends on the encoding factor 1/r and the constraint length K, and is 
proportional to {l/r}*^, where r is the encoding rate. Thus, if the encoding factor is doubled from two to four for example, 
50 the processing amount is increased from 2"^ to 4"^. As for the constraint length K, the conventional techniques usually 
use a value from seven to nine, and hence the processing amount of decoding increases in proportion to 2? or 4^. 
[0050] In addition, it is preferable to take some steps for carrying out multi-valued levels of signals due to multicode 
multiplexing. 

[0051] Fig. 41 is a system block diagram of a parallel combination system proposed in "Consideration on Soft Decision 
55 Viterbi Decoding Characteristics under Multipath Rayleigh Fading in PC-CDMA (Parallel Combination Code Division 
Multiplex Access)" by Katsura, et al. Technical Report of the Institute of Electronics, Information and Communication 
Engineers of Japan SST95-58 (1995-09), pp. 79-83. 

[0052] In Fig. 41 , the information data undergoes the error correcting encoding by convolutional codes with a rate 



6 



EP 0 809 364 B1 



of 1/2, followed by the interleaver, and is divided in parallel into 128 encoded) bits. The 128 encoded bits undergo 
multicode multiplexed transmission by every four encoded bits in 32 groups. The orthogonal codes for multicode mul- 
tiplexing are called orthogonal Gold codes and prepared total of 256. However, since the multiplexed number is 32, 
the 256 orthogonal Gold codes are divided into 32 groups each consisting of eight Gold codes, one of which is selected 
5 from each group. The code to be selected is decided by the four encoded bits. That is, three encoded bits decides 
which one of the eight orthogonal codes is to be selected, and the remaining one bit decides the polarity of the selected 
orthogonal code. The orthogonal Gold codes are described in Shu et al. "On Nonlinear Binary Spreading Sequences", 
pp. 37-42 of Technical Report of the Institute of Electronics, Information and Communication Engineers of Japan, 
IT90-7, May 1990. 

10 [0053] At the receiving side, the four encoded bits per group can be decoded by detecting which code is transmitted 
in which polarity. In the case, it is necessary for the receiver to perform coherent detection to detect the polarity. The 
system as shown in Fig. 41 effectively carries out the coherent detection by simultaneously transmitting multiplexing 
orthogonal codes for a pilot channel, and by extracting the carrier phase by demodulating the pilot channel at the 

receiving side. 

15 [0054] This method is called biorthogonal signal transmission method, and its characteristics were reported in M. 
Yokoyama, "Spread Spectrum Communication System", 1988, Science and Technology Publishing Company Inc. in 
Japan. The biorthogonal signal transmission method has an advantage of reducing the error rate over the common 
signal transmission method. In addition, it provides an advantage of mitigating the requirement for the linearity of an 
amplifier because the multiplexed number is reduced to 1/4 since one orthogonal code corresponds to four encoding 

20 bits. 

[0055] The system as shown in Fig. 41 , however, has a problem in that the size of both the transmitter and receiver 
is increased because the transmitter must prepare the entire orthogonal codes, and the receiver must calculate the 
correlations between the entire orthogonal codes and the received signal. In addition, it lacks flexibility with low rate 
transmission whose bit number differs from an integer multiple of the four encoding bits. Furthermore, receiver must 
25 be provided with individual correlators for respective channels as the rate of data increases, thereby increasing a 
hardware scale of or a circuit size of a communication system. 

[0056] ElZENHOEFER A: "Anwendung der Spread-Spectrum-Technik in dem Hybriden Mobilfunksystem Mats-D" 
Frequenz, Schiele und Schon GmbH, Berlin, DE, vol. 40, no. 9/10, September 1986 (1986-09), pages 255-259, ISSN: 
0016-1136, describes varioustechniques for spread spectrum communication, particularly in digital hybrid mobile com- 
30 munication systems, wherein up-links and downlinks communication use different band spreading. Speech and data 
are time multiplexed and the resulting signal is transmitted using CDMA D555. 

[0057] EP 0 565 505 A2 discloses a communication system for simultaneous communication of spectrally overlapping 
information signals, wherein individual information signals are coded into blocks of code words, a scrambling Walsh 
is generated for end codeword and a different scrambling Walsh is combined with each code word to obtain a uniquely 

35 scrambled codeword. This document describes the use of bi-orthogonal block coding. 

[0058] AZAD H ET AL: "Multirate Spread Spectrum Direct Sequence CDMA Techniques" lEE Colloquium on Spread 
Spectrum Techniques for Radio Communications Systems, lEE, London, GB, 15, April 1994 (1994-04-15), pages 
4-1-4-5, discloses an approach in spread spectrum communication with code division multiple access, wherein a chan- 
nel is divided into several small and large subchannels and spreading low bit rate signals on small subchannels, medium 

10 bit rate on large subchannels and high bit rate data over the whole bandwidth of the channel. 

[0059] WOODWORTH C B ET AL: "Spectrally Efficient Universal Time Slots Using Time-Frequency-Codeslicing" 
Wireless Networks. Catching The Mobile Future. IEEE International Symposium On Personal, Indoor And Mobile Radio 
Communications And ICCC Regional Meeting On Wireless Computer Networks, XX, XX, vol. 3, 1994, pages 
1009-1013, discloses a technique for providing access to a communication resource for multiple users at a variety of 
speeds using a combination of time-frequency-code-slicing of the bandwidth of a communication channel. 

SUMMARY OF THE INVENTION 

[0060] To solve the foregoing problems, the object of the present invention is to provide a spread spectrum commu- 
50 nication system which can perform effective variable rate transmission or different rate transmission, and limit the 
increase in the hardware scale to a minimum without complicated assignment of slots, codes and frequencies. 
[0061] The spread spectrum communication system as a preferred embodiment of the present invention comprises: 
the following (A), (B) and (C), wherein (A) being one of the following (a), (b) and (c), wherein (a) first time division 
multiplexing means for time division multiplexing low rate data and middle rate data, biorthogonal signal generating 
55 means for converting into biorthogonal signals from time division multiplexed data and high rate data which have not 
time division multiplexed, and first code division multiplexing means for code division multiplexing the biorthogonal 
signals; (b) second code division multiplexing means for code division multiplexing only low rate data, second time 
division multiplexing means for time division multiplexing only middle rate data, biorthogonal signal generating means 
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for converting time division multiplexed data and high rate data into biorthogonal signals, and first code division mul- 
tiplexing means for code division multiplexing code division multiplexed signal and the biorthogonal signals; and (c) 
third time division multiplexing means for time division multiplexing low rate data and middle rate data independently 
in accordance with their rates, third code division multiplexing means for code division multiplexing time division mul- 

5 tiplexed low rate data, biorthogonal signal generating means for converting into biorthogonal signals from time division 
multiplexed middle rate data and high rate data which have not time division multiplexed, and first code division mul- 
tiplexing means for code division multiplexing code division multiplexed signals and the biorthogonal signals; (B) 
spreading modulation means for performing spreading modulation, by using a spreading code sequence, a multiplexed 
signal obtained by the first code division multiplexing means; and (C) carrier modulation means for performing carrier 

10 modulation using a spreading modulated signal by the spreading modulation means, wherein a signal obtained by the 
carrier modulation executed by the carrier modulation means is transmitted. 

[0062] In the spread spectrum communication system as another preferred embodiment of the present invention, 
the biorthogonal signal generating means uses Walsh functions as orthogonal signals, and the first code division mul- 
tiplexing means uses Walsh functions as multiplexing orthogonal codes; or the biorthogonal signal generating means 
15 uses Walsh functions as orthogonal signals, and the first code division multiplexing means uses Walsh functions as 
multiplexing orthogonal codes, or the first and second code division multiplexed means uses Walsh functions as the 
multiplexing orthogonal codes. 

[0063] In the spread spectrum communication system as another embodiment of the present invention, the spreading 
code sequence used in the spreading modulation has a code sequence period much longer than a data period. 

20 [0064] In the spread spectrum communication system as another embodiment of the present invention, the spreading 
modulation carries out binary phase modulation on the multiplexed signal, and the carrier modulation is binary modu- 
lation; the spreading modulation carries out quadrature phase modulation on the multiplexed signal, and the carrier 
modulation is quadrature modulation; the spreading modulation carries out binary phase modulation on two multiplexed 
signals, and the carrier modulation is quadrature modulation; or the spreading modulation carries out quadrature phase 

25 modulation on two multiplexed signals, and the earner modulation is quadrature modulation. 

[0065] In the spread spectrum communication system as another preferred embodiment of the present invention, 
the biorthogonal signal generating means comprises a plurality of AND circuits each for performing AND operation 
between a bit of input data and a clock signal obtained by stepwise halving a clock signal whose code rate corresponds 
to orthogonal functions; and a first exclusive OR circuit inputting a plurality of outputs of the plurality of AND circuits 

30 for performing exclusive OR operation of them to output its result as an orthogonal signal, wherein one of orthogonal 
functions is selected in accordance with the input data, and outputting selected one as the orthogonal signal. 
[0066] In the spread spectrum communication system as another preferred embodiment of the present invention, 
the biorthogonal signal generating means comprises a plurality of AND circuits each for performing AND operation 
between a bit of input data and a clock signal obtained by stepwise halving a clock signal whose code rate corresponds 

35 to orthogonal functions; a first exclusive OR circuit inputting a plurality of outputs of the plurality of AND circuits for 
performing exclusive OR operation of them to output its result as an orthogonal signal; and a second exclusive OR 
circuit for performing exclusive OR operation between a further one bit of the input data and the orthogonal signal 
output from the first exclusive OR circuit to output a biorthogonal signal, wherein the biorthogonal signal generating 
means performs polarity operation and outputs the orthogonal signal. 

10 [0067] In the spread spectrum communication system as another preferred embodiment of the present invention, 
the first code division multiplexing means comprises a plurality of exclusive OR circuits each for performing exclusive 
OR operation of one of all possible combinations of a logically significant level and a plurality of clock signals obtained 
by stepwise halving a clock signal whose code rate corresponds to orthogonal codes, and an orthogonal code gener- 
ators for simultaneously outputting a plurality of orthogonal codes which are orthogonal to each other. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0068] 

50 Fig. 1 is a block diagram showing a multiplexer in a spread spectrum communication system in accordance with 

an embodiment 1 of the present invention; 

Figs. 2Aand 2B are block diagrams showing the entire configuration of spread spectrum communication systems 
of embodiments 1-3 in accordance with the present invention; 

Figs. 3A-3I are diagrams illustrating relationships of the rates of input data to the multiplexer of the embodiment 
55 1 of the present invention; 

Figs. 4A-4G are diagrams illustrating an operation of a time division multiplexer in the spread spectrum commu- 
nication system in accordance with the embodiment 1 of the present invention; 

Figs. 5A and SB are diagrams illustrating another operation of the time division multiplexer in the spread spectrum 
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communication system in accordance with the embodiment 1 of the present invention; 

Figs. 6A-6C are diagrams showing details of a biorthogonal signal generator in the spread spectrum communication 

systems in accordance with the embodiments 1-3 of the present invention; 

Figs. 7A-7E are diagrams illustrating the outputs the biorthogonal signal generator in the spread spectrum com- 
munication system in accordance with the embodiment 1 of the present invention; 

Fig. 8 is a diagram illustrating an operation of a first code division multiplexer in the spread spectrum communication 
system in accordance with the embodiment 1 of the present invention; 

Fig. 9 is a block diagram illustrating a configuration of a first code division multiplexer in the spread spectrum 

communication systems in accordance with the embodiments 1-3 of the present invention; 

Figs. 10A-10C are diagrams illustrating an operation of a first code division multiplexer in the spread spectrum 

communication systems in accordance with the embodiments 1-3 of the present invention; 

Fig. 11 is a block diagram illustrating an example of an orthogonal code set generator in the first code division 

multiplexer in the spread spectrum communication systems in accordance with the embodiments 1 -3 of the present 

invention; 

Fig. 12 is a block diagram illustrating an example of a spreading modulator and a carrier modulator in the spread 
spectrum communication systems in accordance with the embodiments 1-3 of the present invention; 
Fig. 13 is a diagram illustrating an example of a BPSKspreading modulator in the spread spectrum communication 
systems in accordance with the embodiments 1-3 of the present invention; 

Fig. 14 is a diagram illustrating an example of a BPSK carrier modulator in the spread spectrum communication 
systems in accordance with the embodiments 1-3 of the present invention; 

Fig. 15 is a block diagram illustrating another example of the spreading modulator and the carrier modulator in the 

spread spectrum communication systems in accordance with the embodiments 1-3 of the present invention; 
Fig. 16 is a diagram illustrating a configuration of a QPSK carrier modulator in the spread spectrum communication 
systems in accordance with the embodiments 1-3 of the present invention; 

Fig. 17 is a block diagram illustrating still another example of the spreading modulator and the carrier modulator 
in the spread spectrum communication systems in accordance witti the embodiments 1-3 of the present invention; 
Fig. 1 8 is a block diagram illustrating another example of the spreading modulator and the carrier modulator in the 
spread spectrum communication systems in accordance with the embodiments 1-3 of the present invention; 
Fig. 19 is a diagram illustrating a configuration of a QPSK spreading modulator in the spread spectrum communi- 
cation systems in accordance with the embodiments 1-3 of the present invention; 

Fig. 20 is a block diagram showing a configuration of a multiplexer in the spread spectrum communication system 
in accordance with the embodiment 2 of the present invention; 

Fig. 21 is a diagram illustrating an operation of a second code division multiplexer in the spread spectrum com- 
munication system in accordance with the embodiment 2 of the present invention; 

Fig. 22 is a block diagram illustrating a configuration of an orthogonal signal generator in the second code division 
multiplexer in the spread spectrum communication system in accordance with the embodiment 2 of the present 

invention; 

Fig. 23 is a diagram illustrating an operation of the first code division multiplexer in the spread spectrum commu- 
nication system in accordance with the embodiment 2 of the present invention; 

Figs. 24A-24E are diagrams illustrating relationships of timings of the second code division multiplexer and the 
first code division multiplexer in the spread spectrum communication system in accordance with the embodiment 
2 of the present invention; 

Fig. 25 is a block diagram showing a configuration of the multiplexer in the spread spectrum communication system 
in accordance with the embodiment 3 of the present invention; 

Figs. 26A and 268 are diagrams illustrating an operation of a third time division multiplexer and that of a third code 
division multiplexer in the spread spectrum communication system in accordance with the embodiment 3 of the 

present invention; 

Fig. 27 is a diagram illustrating an operation of a first code division multiplexer in the spread spectrum communi- 
cation system in accordance with the embodiment 3 of the present invention; 

Fig. 28 is a block diagram showing an example of a transmitter of a base station in a conventional mobile com- 
munication system; 

Fig. 29 is a block diagram showing another (a first other) example of a transmitter of a base station in a conventional 

mobile communication system; 

Fig. 30 is a block diagram showing another (a second other) example of a transmitter of a base station in a con- 
ventional mobile communication system; 

Fig. 31 is a block diagram showing an example of a conventional spread spectrum communication system; 
Fig. 32 is a diagram illustrating a conventional method for spreading signals of different data rates to the entire 
assigned frequency band; 
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Fig. 33 is a diagram illListrating a conventional method for dividing the entire frequency band into sub-bands of 
different width; 

Fig. 34 is a diagram illustrating a conventional method for dividing a time frame into partial slots of different length; 
Fig. 35 is a block diagram illustrating a conventional multicode method in which a plurality of spreading codes are 
5 assigned to signals of different rate; 

Fig. 36 is a schematic diagram illustrating a complex method incorporating the conventional methods as shown 
in Figs. 32-35; 

Fig. 37 is a diagram illustrating a conventional method for assigning the number of slots and the number of codes 

to users of different rates; 

10 Fig. 38 is a diagram illustrating a conventional method for assigning the partial frequency bands and codes to 

users of different rates; 

Fig. 39 is a diagram illustrating a conventional method for assigning both slots and codes to users of different rate; 
Fig. 40 illustrates a conventional method for optimally combining the slots, frequency bands and codes as shown 
in Figs. 37-39 so as to obtain the most suitable assignment; and 
15 Fig. 41 is a system block diagram showing a conventional parallel combination system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0069] Preferred embodiments of the spread spectrum communication system in accordance with the invention will 
20 now be described with reference to the accompanying drawings. 

BASIC CONFIGURATION OF THE ENTIRE SYSTEM 

[0070] Figs. 2A and 2B are block diagrams showing the entire configuration of a spread spectrum communication 
25 system, wherein Fig. 2A shows a transmitter and Fig. 2B shows a receiver. In the transmitter as shown in Fig. 2A, the 
reference numeral 10 designates a multiplexer, 20 designates a spreading modulator, 30 designates a carrier modu- 
lator, and 40 designates an IF/RF converter. In the receiver as shown in Fig. 2B, the reference numeral 50 designates 
an RF/IF converter, 60 designates a carrier demodulator, 70 designates a spreading demodulator, and 80 designates 
a data decoder. Although not shown in Figs. 2A and 2B, an antenna diversity portion can be added as necessary. 
30 [0071] When the transmitter as shown in Fig. 2A is used as a base station, and the receiver as shown in Fig. 2B is 
employed as a mobile station, control data and transmitted data of multiple users are input to the multiplexer 10. 
Assigning a plurality of traffic channels to a high rate user makes it possible to accommodate from high rate users to 
low rate users to a common transmission link. 

[0072] In the case where the transmitter as shown in Fig. 2A is a base station, and the receiver as shown in Fig. 2B 
35 is a mobile station, and where the transmitted data consists of only low rate data, only one channel information data 
is input to the multiplexer, and control data is also input as necessary. 

[0073] In such a case where no multiplexing is required because only one channel information data is input, the 
multiplexer 10 can be omitted. On the other hand, high rate data is transmitted through a plurality of traffic channels 
in accordance with its rate. 

10 [0074] In Fig. 2A, the input information data is multiplexed by the multiplexer 10, and then spectrum spread by the 
spreading modulator 20. Thus dividing the function of the multiplexer 10 and spreading modulator 20 omits random 
spectrum spreading with wideband at the multiplexing stage, thereby enabling the system to be implemented in a 
simple configuration because the spreading modulation performed on the multiplexed signals can eliminate redundant 
processing. 

f5 [0075] The spectrum spread data by the spreading modulator 20 undergoes carrier modulation by the carrier mod- 
ulator 30, and frequency conversion and amplification by the IF/RF converter 40, and is output to an antenna (not 
shown). Although not shown in this figure, the information data input to the multiplexer 10 is usually encoded data 
which has already undergone error correction encoding and interleaving. The error correction encoding and interleaving 
are normally carried out on the basis of frames formed by dividing the transmitted data, in which case the input data 

50 can be seen as the data forming frames or slots. 

[0076] In Fig. 2B, the signal received by an antenna {not shown) undergoes amplification and frequency conversion 
by the RF/IF converter 50, is demodulated to a baseband signal by the carrier demodulator 60, undergoes correlation 
operation {multiplication and integration operation) with the spreading code by the spreading demodulator 70, and is 
decoded by the data decoder 80 so that only desired data is extracted from the multiplexed data. Incidentally, depending 

55 on the multiplexing method by the multiplexer 10 in the transmitter as shown in Fig. 2A, the desired data may have 
already been obtained at the output of the spreading demodulator 70 in the receiver as shown in Fig. 2B. In such a 
case, the function of the data decoder 80 is included in the spreading demodulator 70. 

[0077] In addition, although not shown in these figures, controllers are provided for the transmitter as shown in Fig. 
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2A and for the receiver as shown in Fig. 2B, respectively, for controlling the operation of these blocks. 
EMBODIMENT 1 

5 [0078] Fig. 1 is a block diagram showing the configuration of the multiplexer 10 of the transmitter as shown in Fig. 
2A. In thisfigure, the reference numeral 1 00 designates a pilot channel input terminal, 1 01 -1 04 designate input terminals 
of low rate data D1-D4, respectively, 105 and 106 designate input terminals of middle rate data D5 and D6, 107 des- 
ignates an input terminal of high rate data D7, 108 and 109 designate input terminals of high rate data D8, 110 desig- 
nates a time division multiplexer TDM(A), 121 and 122a-1 25a designate biorthogonal signal generators (BORTs), 130a 

10 designates a code division multiplexer CDM{A), and 140 designates an output terminal. 

[0079] In a multiplexer 10a as shown in Fig. 1,the numbers of the low rate and middle rate data which undergo time 
division multiplexing, and the number of the high rate data which does not undergo time division multiplexing can be 
properly assigned in accordance with communication demand. 
[0080] Next, its operation will be described. 

15 [0081] The low rate data D1-D4 and the middle rate data D5 and D6 undergo time division multiplexing by the time 
division multiplexer 110 in accordance with their rate, resulting in the data of the same rate as the high rate data D7 
and D8. Subsequently, the entire data are converted into biorthogonal signals by the biorthogonal signal generators 
121 , 122a-125a, and undergo orthogonal code multiplexing by the code division multiplexer 130a, thereby being output 
from the multiplexer 10a. 

20 [0082] Figs. 3A-3I are diagrams illustrating relationships of the rates of the low rate data D1-D4, middle rate data D5 
and D6, and high rate data D7 and D8, which are input to the multiplexer 10a as shown In Fig. 1 . 
[0083] In Figs. 3A-3I, the low rate is R, the middle rate is 2R and the high rate is 4R, and the high rate data with a 
transmission rate of 8R which is input to the input terminals 108 and 109 is halved. The ratios of the transmission rates 
and the numbers of terminals of the input data for respective rates are not fixed, so that they can be properly assigned 

25 in accordance with the communication demand. 

[0084] Figs. 4A-4G are diagrams illustrating operation of a first time division multiplexer 110, wherein the axis of 
abscissa corresponds to time, and the axis of ordinate corresponds to the power of data. The low rate data D1-D4, 
and the middle rate data D5 and D6 are compressed in time in accordance with their rate, thereby having the same 
rate as the high rate data D7 and D8. Thus, the data of respective rates have the same signal power because they 

30 have the same rate after multiplexed. If the rate and power coincide, the transmission power per bit also coincides with 
each other. 

[0085] Although not shown in this figure, the transmission power can be varied for individual users or channels in 
response to the communication states of the users or channels. 

[0086] Figs. 5A and 58 are diagrams illustrating another multiplexing method of the first time division multiplexer 
35 110. Although Figs. 4A-4G illustrate an example of the time division multiplexing of the same rate data. Figs. SAand 
5B illustrate a method of time division multiplexing of one of the middle rate data {D5) with two of the low rate data(D1 
and D2). 

[0087] For example, Fig. 5A illustrates a time division multiplexing method of the middle rate data D5 with the low 
rate data D1 and D2. Since it is enough for the first time division multiplexer 110 to operate such that the rate after the 

10 multiplexing coincides with the high rate, combinations other than those as shown in Figs. SAand SB can be allowed. 
[0088] For example, the following combinations can be taken: (1) a method for outputting two sets of time division 
multiplexed data by inputting one set of the middle rate data and six sets of the low rate data; (2) a method for outputting 
two sets of time division multiplexed data by inputting three sets of the middle rate and two sets of the low rate data; 
(3) a method for outputting two sets of time division multiplexed data by inputting four sets of the middle rate; and (4) 
a method for outputting two sets of time division multiplexed data by inputting eight sets of low rate data. Thus, since 
the first time division multiplexer 110 allows proper assignment of various numbers of low rate and middle rate data in 
accordance with the transmission demand, a flexible system can be configured. In addition, the middle rate and low 
rate data can be time division multiplexed to the upper limit number allowed in connection with the high rate. This is 
because the time division multiplexing in the embodiment 1 requires only mapping of data into vacant slots, and the 

50 data mapping is achieved by time division multiplexing the data without requiring any complex frequency assignment 
or two-dimensional assignment of codes or slots. 

[0089] The data with their rates matched by the first time division multiplexer 110 are led to the corresponding bi- 
orthogonal signal generators (BORTs): the low rate data D1-D4 are led to the biorthogonal signal generator 121, the 
middle rate data D5 and D6 are led to the biorthogonal signal generator 122a, the high rate data D7 are led to the 
55 biorthogonal signal generator 123a, and the high rate data D8 is led to the biorthogonal signal generators 124a and 
125a. The biorthogonal signal generators 121, 122a-125a generate biorthogonal signals corresponding to the respec- 
tive input data. 

[0090] Figs. 6A-6C show the details of the biorthogonal signal generators 121 and 122a-12Sa, wherein Fig. 6A is a 
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block diagram of their configuration. Fig. 6B illustrates the relationships between the input information data and the 
output biorthogonal signals, and Fig. 6C is a detailed block diagram of an orthogonal signal generator 1220 using 
Walsh functions. Here, an example will be explained in which a biorthogonal signal is generated by every four input bits. 
[0091] As shown in Fig. 6A, the information data input to the input terminal is converted into 4-bit parallel data (dO, 

5 d1, d2 and d3) by a series-to-parallel converter 1210. Subsequently, the orthogonal signal generator 1220 selectively 
produces one of the eight orthogonal codes by the 3-bit data {dO, d1 and d2), thereby generating an orthogonal signal. 
A second exclusive OR circuit 1230 carries out exclusive OR operation between individual bits of the orthogonal signal 
generated by the orthogonal signal generator 1 220 and the remaining 1-bit data {d3), thereby producing the biorthog- 
onal signal after polarity operation. 

10 [0092] In the case where the Walsh functions are used as the orthogonal codes, the Walsh functions as shown in 
Fig. 6B are output as the orthogonal signal in response to the contents of the 4-bit parallel data d0-d3. That is, since 
one of the function is selected by the three bits {dO, d1 and d2), eight types of Walsh functions with a length of eight 
are prepared, which are represented, for example, by W8{0)-WS{7) as illustrated in Fig. 6B. W8 refers to the Walsh 
functions with a length of eight, and the numbers in parentheses represent the function number. The Walsh functions 

15 selected as the orthogonal signal is inverted or noninverted in accordance with the content of the remaining 1 -bit data 
{d3), thereby being produced as the biorthogonal signal. Therefore, the biorthogonal signal consists of an 8-bit length 
code sequence bearing 4-bit information. 

[0093] The inverting or noninverting operation of the digital values is carried out by an exclusive OR gate if the values 
take binary values 0 and 1 , and by an multiplier if they take +1 and -1. In the following, the sustained duration of the 

20 Walsh function from its beginning to its end is termed a period, the interval between the codes constituting the Walsh 
functions is called a code interval, and the reciprocal of the code interval is termed a code rate. 
[0094] When the Walsh functions are employed as the orthogonal signal, the orthogonal signal generator 1220 is 
implemented as shown in Fig. 6C. The orthogonal signal generator 1220 comprises AND circuits 1224-1226, and an 
EXOR circuit 1227. The AND circuits 1224-1226 carry out AND operation between input data dO, d1 and d2 and clock 

25 signals 1221, 1222 and 1223 whose rates are 1/2, 1/4 and 1/8 of the code rate (=1/Tmc, where Tmc is the code interval), 
respectively. The EXOR circuit 1227 performs the exclusive OR operation among the outputs of the three AND circuits 
1224-1226. The clock signal of the code rate is essential to the hardware configuration, and the clock signals with a 
rate of 1/2, 1/4 and 1 /8 of the code rate can be readily obtained by inputting the fundamental clock signal into a frequency 
divider such as a counter. 

30 [0095] Next, the process will be descnbed of selectively generating the Walsh functions by the orthogonal signal 
generator 1220 as shown in Fig. 6C. A Walsh function is defined as a row vector of a 2^x2^ Hadamard matnx HN 
which can be extended from [H(N/2), H(N/2)], a repetition of two 2K-ix2K-i Hadamard matrices H(N/2), and [H(N/2), 
H*{N/2)], a repetition thereof and its inverse matrix, and thus raising the order. Here, the asterisk denotes an inverse 
matrix. 

35 [0096] The pnmary matrix HI consists of the first row [0, 0] and the second row [0, 1], which correspond to W2(0) 
and W2(1), respectively. The matrix H2 can be generated from HI such as [HI, HI] and [HI, H*1]. This results in four 
row vectors [0000], [0101], [0011] and [0110], which correspond to W4(0)-W4(3). respectively. The W8{0)-W8(7) gen- 
erated in such a manner are shown in Fig. 68. 

[0097] Comparing W8{0) with W8(1 ), W8{2) with W8(3), W8(4) with W8(5), and W8(6) with W8(7) show that they 
10 are classified depending on whether or not an odd bit and the successive even bit are the same. They are the same 
in W8{0), W8{2), W8(4) and W8(6), and reverse in W8(1), W8(3), W8(5) and W8(7). This corresponds to the least 
significant bit dO of the data shown in Fig. 6B. That is, if the least significant bit dO is 0, they are the same, whereas if 
dO is 1 , they are reverse. The reversal of the successive even bit from an odd bit is achieved by the AND circuit 1224 
using the clocksignal 1 221 whose rate is 1/2 of the code rate, and whetherthe inversion is adopted or not is determined 
by the least significant bit dO. When dividing each Walsh function Into four pairs of two bits beginning from the least 
significant bit, and comparing W8(0) with W8(2), W8(1) with W8(3), W8(4) with W8(6), and W8(5) with W8(7), it is 
found that the same pairs of two successive bits are repeated in W8(0), W8(1), W8(4) and W8{5), whereas reverse 
pairs of two successive bits are repeated in W8(2), W8(3), W8(6) and W8{7). This depends on the second bit d1 of 
the data shown in Fig. 68. That is, if the second bit d1 is 0, they are the same, whereas if the second bit d1 is 1 , they 
50 are reverse. The reversal on 2-bit basis is implemented by the AND circuit 1225 using the clock signal 1222 whose 
rate is 1/4 of the code rate, and whether the reversal is adopted or not is determined by the second bit d1. 
[0098] Likewise, the polarity of the third bit d2 determines whether a 4-bit set beginning from the least significant bit 
is repeated with or without reversal. The reversal on 4-bit basis is implemented by the AND circuit 1226 using the clock 
signal 1 223 whose rate is 1/8 of the code rate, and whetherthe reversal is adopted or not is determined by the third bit d2. 
55 [0099] The Walsh functions which include these effect can be obtained by the outputsof the AND circuits, which are 
reversed or not reversed on the every three bit intervals by passing through the exclusive OR circuit 1227. Thus, the 
Walsh functions depending on the input data bits dO, d1 and d2 are output from the exclusive OR circuit 1227. 
[0100] As descnbed above, since the orthogonal signal generator 1220 in the spread spectrum communication sys- 
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tern in accordance with \he embodiment 1 can generate a particular ortliogonal signal by using only the input data and 
the clock signals which are easily generated, the hardware in the system can be implemented by a simple configuration. 
[0101] In addition, since the orthogonal signals are easily generated, the biorthogonal signals are also easily gen- 
erated. In the receiver, the biorthogonal signal is demodulated by the data decoder 80 shown in Fig. 2B. If the Walsh 
5 functions are used as the orthogonal functions at the transmitter side, the demodulation processing can be simplified 
or the amount of hardware can be reduced by using a fast Hadamard transform called FHT. The FHT is a signal 
processing method in which the operation is performed of taking correlation between the received input signals and 
the entire Walsh functions without redundancy. 

[0102] Although the orthogonal function sequences are generated using the Walsh functions with a length of eight 
10 in this embodiment 1 , the orthogonal function sequences can be selectively generated with ease with a circuit config- 
uration similar to those of Figs. 6A-6C in the case where the length is 16 or more. That is, when the length is 16, it is 
implemented by providing an AND circuit with a clock signal whose rate is 1/16 of the code rate and which enables 
the reversal on 8-bit basis, and a fifth bit d4 of the input data which designates the repetition with or without reversal, 
and then by inputting the output of the AND circuit to the EXOR circuit. 
15 [0103] Likewise, when the length is 32, it can be easily implemented by using a clock signal whose rate is 1/32 of 
the code rate, the sixth bit d5 of the input data, an AND circuit, and the EXOR circuit. It can also be implemented in a 
similar manner even when the length is 64 or more. 

[0104] Figs. 7A-7E illustrate the outputs from the biorthogonal signal generators 121 and 122a-125a, in which the 
axis of abscissa corresponds to time, and the axis of ordinate corresponds to the power of data. 
20 [0105] In these figures, the reference character B1 denotes a biorthogonal signal generated from the four bits of the 
data D1, and B2, 83 and 84 also denote biorthogonal signals generated from the four bits of the data D2, D3 and D4, 

respectively. Biorlhogonal signals 85 are denoted as 85(1) and 85{2) to make it clear that the two biorthogonal signals 
are generated from the 8-bit data which belong to the data D5. A similar notation is used for biorthogonal signals B6, 
and for biorthogonal signals 87 and 88 generated from the high rate data D7 and D8. 

25 [0106] Fig. 8 is a diagram illustrating the multiplexing method by the code division multiplexer 130a shown in Fig. 1. 
The biorthogonal signals output from the biorthogonal signal generators 121 and 122a-125a and the pilot inserted at 
the transmitter each undergo code division multiplexing with different orthogonal codes. Since the pilot is used as the 
reference of the phases in the coherent detection at the receiver side, it does not undergo data modulation. 
[0107] Fig. 9 is a block diagram showing the details of the code division multiplexer 130a as shown in Fig. 1. In this 

30 figure, TDM1, TDM2, B7, B8-1 and B8-2 correspond to B1(1)-B4(1), B5(1)-B6(2), B7{1)-B7{4), B8(1)-B8(4) and B8(5) 
-B8(8), respectively. The biorthogonal signals TDM1 , TDM2, B7, B8-1 and B8-2 inputto the input terminals are multiplied 
through multipliers 1310-1315 by multiplexing codes Code 1, Code 2, Code 3, Code 4 and Code 5 generated by an 
orthogonal code generator 1320, and then are summed up by an adder 1330, thereby being produced as an output 
signal. 

35 [0108] Although the code division multiplexer 130a shown in Fig. 9 has six input terminals including one for the pilot, 
code division multiplexing up to N is possible if the number of the orthogonal codes is N which are assignable in the 
transmission band. This is illustrated by an example in Fig. 9 in which an input "ch" and a multiplexing code Code "N- 
1" generated by the orthogonal code generator 1320 are multiplied by a multiplier 1316. 

[0109] In the example as shown in Figs. 8 and 9, the biorthogonal signals with the same period are multiplied by 
10 orthogonalcodeswhichareorthogonaltoeachotherat every period Tmc, thereby being code multiplexed. Here, Tmc 
is the code interval as shown in Fig. 6C, and becomes Tmc = T/8 because all the Walsh functions with a length of eight 
are input to the code division multiplexer 130a at a period T in the spread spectrum communication system of the 
embodiment 1. 

[0110] If the number of the channels including the pilot exceeds eight, orthogonal codes with a length exceeding 
eight must be employed. Since the number of channels is six in this embodiment, the following will be described as- 
suming that the length of the orthogonal codes for the code division multiplexing is eight. 

[011 1] Figs. 10A-10C are diagrams showing relationships of timings between the signal period T, code interval Tmc 
and orthogonal codes to be multiplied. The biorthogonal signals which undergo biorthogonal modulation by 4-bit trans- 
mitted data as shown in Fig. 10A have a code interval Tmc = = T/8 because their period is T and code length is eight. 

50 [0112] When performing the code division multiplexing operation, it is necessary to orthogonalize the biorthogonal 
signals based on at least code interval of these biorthogonal signals. Accordingly, one period of the orthogonal codes 
with a length of eight is multiplied during the code interval Tmc as shown in Fig. 108, and hence the biorthogonal 
signals associated with N=8 channels are code multiplexed independently of the polarity of the codes of the input 
biorthogonal signals. In this case, the code interval To of the orthogonal code for the multiplexing becomes To=Tmc/ 

55 N. Since N=8 in this embodiment, To=T/64 in the embodiment 1. Fig. IOC illustrates an example of input to the adder 
1330 shown in Fig. 9. 

[01 1 3] If the Walsh functions are used as the orthogonal codes for code division multiplexing (corresponding to Code 
0 to Code N-1 in Figs. 8 and 9), the orthogonal code set generator 1320 is configured as shown in Fig. 11. 
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[0114] The orthogonal code set generator 1320 differs from the orthogonal signal generator 1220 as shown in Fig. 
6C in that although the orthogonal signal generator 1220 selectively generates one of the Walsh functions from the 
input data, the orthogonal code set generator 1320 as shown in Fig. 11 generates the entire Walsh functions at the 
same time. 

5 [011 5] Since it is already determined whether consecutive bits in the Walsh functions W8(0)-W8(7), for every one 
bit, for every two bits, or for every four bits, are identical or reverse, the selecting operation by the AND circuits 
1224-1226 in the orthogonal signal generator 1220 as shown in Fig. 6c is unnecessary. The Walsh functions W8(0) 
-W8(7)can be generated by selecting the inputs to EXOR circuits 13200-1 3207. The selection depends on the number 
of Walsh functions as follows: A clock signal of 1/2 of the code rate (1/To) Is Input to the EXOR circuits 13200-13207 

10 when the 1/2 clock signal Is supplied, and the H level (that is, logically significant level) Is Input to the EXOR circuits 
when the 1/2 clock signal is not supplied; a clock signal of 1/4 of the code rate (I/To) or the H level is Input to the EXOR 
circuits 13200-13207 depending on whether the 1/4 clock signal is supplied or not; and a clock signal of 1/8 of the code 
rate (I/To) or the H level is input to the EXOR circuits 13200-13207 depending on whether the 1/8 clock signal is 
supplied or not. 

15 [0116] As described above, according to the spread spectrum communication system of the embodiment 1, the 
plurality of orthogonal functions can be easily obtained by using dock signals whose rates are 1/2, 1/4 and 1/8 of the 
code rate, the H level, and the EXOR circuits. 

[011 7] In addition, the clock signals with their rates 1/2,1/4 and 1/8 of the code rate can be easily obtained by inputting 
a clock signal of the clock rate into a frequency divider such as a counter. Furthermore, the orthogonal function generator 

20 can be easily put into practice in a similar configuration even if the numberof the orthogonal functions is 16 or more. 
[0118] Fig. 12 is a block diagram showing an example of the spreading modulator 20 and the carrier modulator 30 
as shown in Fig. 2A. The output signal of a code division multiplexer 130d (which corresponds to the code division 
multiplexer 130a in the embodiment 1 as shown In Fig. 1 ) undergoes BPSKspreading modulation by a BPSK spreading 
modulator 22a in a spreading modulator 20a, Is Input to a carrier modulator 30a in which It Is D/A converted by a D/A 

25 converter 31a, and BPSK modulated by a BPSK modulator 33. 

[01 1 9] The BPSK spreading modulator 22a carries out the BPSK spreading modulation on the code division multi- 
plexed signal output from the code division multiplexer 130d by using a PN code PN-I. 

[0120] Fig. 13 illustrates a configuration of the BPSK spreading modulator. Since the spreading modulation is 
achieved by a simple multiplying operation in the BPSK modulation, the transmitter can be Implemented with a simple 
30 configuration. It is enough for the receiver, as well, to provide a correlator for demodulating the spread code for one 
PN code. This makes it possible to reduce the size of the receiver. Fig. 14 illustrates an example of the BPSK carrier 
modulator 33. 

[0121] Although not shown in Fig. 12, waveform shaping is carried out in the carrier modulator 30a for band limiting. 
When the waveform shaping Is Implemented by the digital processing using a digital filter orthe like, it is inserted before 
35 the D/A converter 31a, and when Implemented using an analog filter such as an SAW filter, it is inserted after the D/A 

converter 31a. 

[0122] As for the PN code sequence used for the spectrum spreading are random code sequences such as Gold 
code sequences, M-sequences. Although It Is enough that the code rate of the PN sequence for spectrum spreading 
Is equal to or greater than the code rate of the orthogonal codes used In the code division multiplexing. It Is preferable 
10 that It match the code rate of the orthogonal codes, considering the effective use of the code space of the multiplexing 
by the orthogonal codes and the biorthogonal signals. 

[0123] As the PN code sequence, a code with a period much longer than that of the data is used. The reason for 
this is as follows: When demodulating the code division multiplexed signals at the receiver, demultiplexing Is Indeed 
possible if the period of the PN code sequence is longer than that used in the code division multiplexing. Mobile com- 
munications, however, is under a special environment called multipath fading. Thus, if the delay times of signals re- 
flected by buildings orthe like are equal to or greaterthan the period of the codes used for the code division multiplexing, 
distinction between the forward wave and delayed waves becomes impossible. This results In the degradation of the 
signal transmission characteristics, which Is called cochannel interference. 

[0124] On the contrary, when the PN code sequence with a period longer than the observed delay time Is used to 
50 be multiplied with the biorthogonal signals as a partial sequence rather than an entire sequence, It seems that different 
PN sequences are multiplied with the biorthogonal signals. This enables the receiver to easily separate the delay 
waves, even If there are any delay waves with a delay longer than a critical delay time. Furthermore, In this case, the 
receiver can Introduce a technique called RAKE receiving which utilizes the separated delay wave components as 
demodulation information, which makes it possible to improve the demodulation characteristics. 
55 [0125] Fig. 15 is a block diagram showing another example of the spreading modulator 20 and carrier modulator 30 
as shown in Fig. 2A. The output signal of a code division multiplexer 130e (which corresponds to the code division 
multiplexer 1 30a in the embodiment 1 of Fig. 1 ) is diverged in a spreading modulator 20b. The diverged signals undergo 
BPSK spreading modulation at the BPSK spreading modulators 22b and 22c using different PN codes PN-I and PN-Q, 
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respectively. The two outputs of the spreading modulator 20b are input to a carrier modulator 30b, in which they are 
D/A converted by the D/A converters 31b and 31c, and QPSK modulated by a QPSK modulator 34a. Fig. 16 shows 
an example of the QPSK carrier modulator 34a. 

[0126] The spreading codes PN-I and PN-Q used for the spectrum spreading in the BPSK modulators 22b and 22c 
5 as shown in Fig. 15 each have the same property, code rate and period as the spreading code PN-I used in the BPSK 

spreading modulator 22a as shown in Fig. 12. Only difference is that two PN sequences are used in this case. 

[0127] Performing spreading modulation of the same multiplexed signal by using two PN codes as the spreading 

modulator20b shown in Fig. 15 enables the interference amount due to the delay waves or the other transmitted signals 

to be uniform. The reason for this is as follows: When the phase difference between the carrier of the desired signal 
10 and those of the delay waves or the other transmitted signals is ±90 degrees, the interference will not occur because 

their carrier axes are orthogonal to each other. If the phase difference is 0 or 180 degrees, however, the interference 

will occur. 

[0128] Since the phase difference is usually random, it will greatly vary the transmission quality of the system. How- 
ever, using the two PN codes to perform the spreading modulation makes it possible to uniform the interference amount 

15 between the desired signal and the interference waves independently of the phase difference. 

[0129] Fig. 17 is a block diagram showing still another example of the spreading modulator 20 and earner modulator 
30 as shown in Fig. 2A. The code division multiplexed signals output fi-om two code division multiplexers 130f and 
130g (which correspond to the plurality of 130a's in the embodiment 1 of Fig. 1) undergo BPSK spreading modulation 
in a spreading modulator 20c by separate BPSK spreading modulators 22d and 22e using two PN codes PN-I and 

20 PN-Q, respectively. The two outputs of the spreading modulator 20c are input to a carrier modulator 30c, in which they 
are D/A converted by D/A converters 31 d and 31 e, and QPSK modulated by a QPSK modulator 34b. 
[0130] The foregoing Figs. 6A-6C show the case in which the biorthogonal signal generators 121, 122a-125a gen- 
erate for each 4-bit data one biorthogonal signal with a length eight. If biorthogonal signal generators are used which 
generate one biorthogonal signal for every 6-bit data, its length will become 32. 

25 [0131] That is, one of the 32 sequences are selected tay 5-tait data, and the remaining 1-bit data is used to determine 
the polarity of the sequence. Although using the taiorthogonal signals can improve the transmission characteristics as 
error correcting codes, it will increase the bandwidth required. For example, although the 4-bit data with a length of 
eight will double (8/4) the bandwidth, the 6-bit data with a length 32 will increase the bandwidth by a factor of about 
5.3 (32/6). When the transmission bandwidth is fixed, the increase in the bandwidth will reduce the number of multi- 

30 plexing by the code division multiplexer 130a shown in Fig. 1. 

[0132] In contrast, if the QPSK is employed for the earner modulation as shown in Fig. 17, and the outputs of the 
code division multiplexers 130f and 130g are input thereto, the maximum number of the multiplexing increases by a 
factor of 2. 

[0133] This, however, does not necessanly mean that the number of users simultaneously communicating becomes 
35 twice. This is because the increase in the number of independent users lead to an increase in interference power, and 
this prevents desired transmission quality from being achieved. However, using biorthogonal signals with a long length 
for the data transmission of the same users keeps constant the transmission energy per bit of the transmission data, 
even if the sequence length {or the apparent multiplexed number) increases. This will result in achieving high quality 
transmission characteristics rather than causing an increase in the total interference power. Hence, reduction in the 
'*o transmission power can be expected. 

[0134] In addition, in the cases in which the number of data or the biorthogonal signals to be used are equal, a 
method can be taken in which the multiplexed number is halved so that two multiplexed signals are output to undergo 
spreading separately. Considering the number of the code division multiplexing, the 4-bit information is converted to 
a binary sequence by using biorthogonal signals, so that the number of the multi-valued levels can be further reduced 
f5 due to the code division multiplexing, because of halving the multiplexed number, in addition to the effect, which has 
already been achieved, that the number of multi-valued levels is reduced as compared with the multiplexing without 
using them. 

[0135] Reducing the number of multi-valued levels enables the peak power to be reduced. For example, the average 
power of the binary sequence (+1 , -1 ) is calculated by dividing the square of the absolute value of the amplitude by 

50 two, thus taking a value 1/2. The total power for transmitting binary sequences bearing independent information through 
four channels becomes 4x{1/2)=2. On the other hand, the amplitude of the binary sequences with power of two is (+2, 
-2). Accordingly, transmission of the biorthogonal signal is carried out using the amplitude levels of (+2, -2). In contrast 
with this, the amplitude of the binary sequence (+1, -1) in the 4-channel code division multiplexing takes one of the 
values (+4, +2, 0, -2, -4), because the total amplitude depends on the sequences on respective channel, and is calcu- 

55 lated by considenng all the cases such as all the amplitudes are +^, or -1, the amplitudes on three channels are +1 
and the remainder is -1, and so on. Thus, the amplitude can take zero in which no transmission power is required, or 
+4 or -4 in which the peak power is eight. Thus, the peak power becomes larger than when the biorthogonal signal is 
transmitted in which case the power is kept fixed at 2. 



15 



EP 0 809 364 B1 



[0136] Thus limiting the peak power can mitigate the demand for the linearity of amplifiers constituting the analog 
section, thereby making it possible to reduce the size of the transmitter or save the power consumption. 
[0137] In Fig. 17, the spreading codes used for the spectrum spreading are the same as those in Fig. 15. In other 
words, random code sequences such as Gold code sequences, M-sequences are used as the PN code sequences 
5 for the spectrum spreading. Although it is enough that the code rate of the PN sequences is equal to or greater than 
the code rate of the orthogonal codes used for the code division multiplexing, it is preferable that it approximately match 
the code rate of the orthogonal codes, considering the effective use of the code space of the multiplexing by the 
orthogonal codes and the biorthogonal signals. In addition, the PN codes are used which have much longer period 
than the data. 

10 [0138] Fig. 18 is a block diagram showing still another example of the spreading modulator 20 and the carrier mod- 
ulator 30 as shown in Fig. 2A. The code division multiplexed signals output from two code division multiplexers 1 30h 
and 130i (each corresponds to the code division multiplexer 130a in the embodiment 1 of Fig. 1) undergo QPSK 
spreading modulation in a spreading modulator 20d by a QPSK spreading modulator 24 using two PN codes PN-I and 
PN-Q, respectively. The two outputs of the spreading modulator 20d are input to a carrier modulator 30d, in which they 

15 are D/A converted by D/A converters 31f and 31g, and QPSK modulated by a QPSK modulator 34c. 

[0139] Fig. 19 illustrates a configuration of the QPSK spreading modulator24. Two code division mulfiplexed signals 
D-l and D-Q are combined with the two spreading codes PN-I and PN-Q as shown in Fig. 19 to be multiplied and 
summed up, thereby being produced as two outputs. Denofing the D-l signal and D-Q signal by dl and dQ, and the 
two spreading codes PN-I and PN-Q by PNI and PNQ, respectively, the input signal can be represented by the complex 

20 signal notation as dl+jdQ. The QPSK spreading modulation mulfiplies the input signal by PNI+jPNQ, and then outputs 
the real part as the in-phase axial component, and the imaginary part as the quadrature axial component. That is, the 
following calculation is carried out: 

j5 (dl+jdQ) X (PNI+jPNQ) 

= (dl X PNI - dQ X PNQ) + j(dl x PNQ + dQ x PNI) 

Fig. 19 illustrates the combinafion of the multiplication and the addition of the products. 
30 [0140] In the case where the QPSK spreading modulation is carried out on the two multiplexed data as illustrated in 
Fig. 18, the interference amount can be uniformed as in Fig. 15. More that is, when the BPSK is used to carry out the 
spreading modulation of the individual multiplexed signals as shown in Fig. 1 7, it will sometimes occur that the inter- 
ference component will have much greater effect on one of the two mulfiplexed signals than the other because the two 
multiplexed signals are independent. On the contrary, the effect due to the phase difference of the interference com- 
as ponent can be uniformed in the spreading modulation which uses two spreading codes as shown in Fig. 18. In addition, 
generating the two code division multiplexed signals as shown in Fig. 18 has the same effect as the arrangement 
shown in Fig. 17. That is, when QPSK is employed for the carrier modulation, and the outputs of the code division 
multiplexers 130h and 130i are input thereto, the maximum multiplexed number increases by a factor of 2. Although 
this does not necessarily mean that the number of simultaneous users doubles, the transmission power can be reduced. 
40 Furthermore, since the number of mulfi-valued levels due to the code division mulfiplexing can be further reduced, the 
peak power can be reduced. This will mitigate the demand for the linearity of amplifiers constituting the analog section, 
thereby making it possible to reduce the size of the transmitter or save the power consumption. 

EMBODIMENT 2 

45 

[0141] Fig. 20 is a block diagram showing another configuration of the multiplexer 10 as shown in Fig. 2A, a multi- 
plexer in a spread spectrum communication system according to an embodiment 2 of the present invention. In this 
figure, the reference numeral 10b designates a multiplexer, 100 denotes the inputterminal of the pilot, 101-104 denote 
the input terminals of low rate data D1-D4, 105 and 106 denote the input terminals of middle rate data, 107 denotes 

50 the input terminal of high rate data, 108 and 109 denote the input terminals of high rate data, 112 denotes a second 
time division multiplexer TDM(B), 122b, 123b, 124b and 125b denote biorthogonal signal generators BORTs, 126 
denotes a second code division multiplexer CDM(B), 130b denotes a code division multiplexer CDM(A), 140 denotes 
an output terminal, and 1010-1013 denote the input terminals of low rate data D9-D12. In the mulfiplexer 10b as shown 
in Fig. 20, the number of data can be properly assigned in response to communication demand, where the number of 

55 data includes, for example, the number of the middle rate data which undergo biorthogonal modulation after the time 
division multiplexing, the number of the high rate data which undergo biorthogonal modulation without the fime division 
multiplexing, and the number of the low rate data which undergo two step code division multiplexing. 
[0142] Next, the operafion will now be described. 
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[0143] The middle rate data D5 and D6 are time division multiplexed by the second time division multiplexer 112 to 
have the same rate as the high rate data {D7 and D8). The middle and high rate data are converted into biorthogonal 
signals through the biorthogonal signal generators 122b-125b, and then input to the code division multiplexer 130b. 
The second time division multiplexer 112 differs from the first time division multiplexer 110 in the spread spectrum 
5 communication system in the embodiment 1 as shown in Fig. 1 in that only the middle rate data (D5 and D6) are input 
thereto. 

[0144] On the other hand, the low rate data D1-D4 and D9-D12 are not converted into biorthogonal signals, but are 
code division multiplexed through the second code division multiplexer 126 in advance such that their code rate be- 
comes identical to the code rate of the biorthogonal signals. Subsequently, they are inputto the code division multiplexer 
10 130b in which they are code division multiplexed with the middle rate data D5 and D6 which have been converted into 
the biorthogonal signal after the time division multiplexing, and the high rate data D7 and D8 which have been directly 
converted into the biorthogonal signals. 

[0145] The relationships between rates of the low rate data D1-D4, the middle rate data D5 and D6 and the high rate 
data D7 and D8, which are input to the multiplexer 10b are the same as those illustrated in Figs. 3A-3I. 
15 [0146] In the spread spectrum communication system of the embodiment 2, the rate of the low rate data D9-D12 
which are input to the newterminals 1010-1013 are identical to that of the low rate data D1-D4.That is, the relationships 
between the rates are the same as those of Figs. 3A-3D. 

[0147] The time division multiplexing method in the second time division multiplexer 112 for the middle rate data is 
the same as that of Fig. 4B. In other words, the middle rate data D5 and D6 are compressed in time such that their 
20 rate becomes identical to that of the high rate data D7 and DS. 

[0148] The configuration and operation of the biorthogonal signal generators 122b-125b are the same as those of 
Figs. 6A-6C. Their outputs are the same as those shown in Figs. 7B-7E. In other words, since the biorthogonal signals 
of binary sequences are generated from the 4-bit data, they can be easily generated, making it possible to reduce the 
size of the hardware. 

25 [0149] Fig. 21 shows a method for multiplexing the low rate data D1-D4 and D9-D12 by the second code division 
multiplexer 126. To the low rate data D1-D4 and D9-D12, codes for multiplexing are assigned which consist of Code 
w8{0). Code w8(1 ), Code w8<2). Code w8{3). Code w8(4), Code w8{5). Code w8{6) and Code w8(7), and are multiplied 
by the input data followed by summation. The duration of each data is T since they are low rate data. 
[0150] Fig. 22 illustrates a configuration of the code division multiplexer 126. It is basically the same as the code 

30 division multiplexer 130a shown in Fig. 9. That is, the low rate data D1-D4 and D9-D12 are multiplexed by the Code 
w8{0). Code wS(1), Code w8(2). Code w8(3), Code w8(4). Code w8(5). Code wS{6) and Code wS(7) through multi- 
plexers 1260-1267, respectively, and the products are summed up by an adder 1280. 

[0151] The upper limit of the number of multiplexing in the second code division multiplexer 126 is the same as the 
code sequence number of the biorthogonal signals used in the biorthogonal signal generators 122b-125b. In the ex- 
35 ample as shown in Figs. 6A-6C, the codes with a length of eight are used as the orthogonal codes. The second code 
division multiplexer 126 in accordance with the embodiment 2 as shown in Fig. 20 can also use codes with a length 
up to eight, and hence the upper limit of the number of multiplexing becomes eight. 

[0152] Thus, eight types of the orthogonal codes are prepared to be used tor multiplexing, and their code rate is 8/T. 
Actually, multiplexing of any number equal to or less than the upper limit of eight is performed in accordance with the 
10 communication demand. The upper limit of the multiplexing number(which corresponds to the length of the biorthogonal 
signal) varies with the variation of the length of codes used as the biorthogonal signals. 

[0153] Fig. 22 shows the configuration of the second code division multiplexer 126 in the spread spectrum commu- 
nication system in accordance with the embodiment 2 as shown in Fig. 20. The basic configuration of the second code 
division multiplexer 126 is the same as the code division multiplexer 130a in the spread spectrum communication 
system of the embodiment 1 as shown in Fig. 9, except for the types of the input data, operation speed and restriction 
on the upper limit of the multiplexing number. 

[0154] It is preferable that an orthogonal code generator 1270 use the Walsh functions because this simplifies the 

configuration. Thus, a method using the Walsh functions will now be described in this embodiment 2. 

[0155] The basic configuration of the orthogonal code generator for generating the Walsh functions is the same as 

50 the orthogonal code set generator 1320 as shown in Fig. 11. The rate of the input clock, however, differs since the 
operation speed is different. The fundamental code rate is (8/T) which equals (1/Tmc). Accordingly, the rates of three 
clock signals are 1/2, 1/4 and 1/8 of (1/Tmc). Since the operation speed is different, the Walsh functions are denoted 
by w8(0)-w8{7) in Figs. 21 and 22 so that they are distinguished from the Walsh functions W8(0)-W8(7) used in the 
code division multiplexer 130b. 

55 [0156] Fig. 23 illustrates the multiplexing method by the code division multiplexer 1 30b of the embodiment 2 as shown 
in Fig. 20. 

[0157] The multiplexing method of the middle rate data B5 and B6, and the high rate data B7 and B8 are the same 
as that of the code division multiplexer 1 30a of the embodiment 1 as shown in Fig. 8. The configuration of the multiplexer 
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130b is the same as that of the first code division multiplexer 130a of the embodiment 1 as shown in Fig. 9, except 
that the signal corresponding to TDM1 in Fig. 9, which is obtained by the conversion to the biorthogonal signal following 
the time division multiplexing, is replaced by the low rate signals multiplexed by the second code division multiplexer 
126. 

5 [0158] Figs. 24A-24E show the relationships of timings between the second code division multiplexer 126 and code 
division multiplexer 130b, which constitute the multiplexer 10b. Although the same Walsh functions are used in the 
code division multiplexer 1 30b and the second code division multiplexer 1 26, their multiplexing operations are achieved 
without confusion because of the different operation speeds. 

[0159] In Figs. 24A-24E, Fig. 24A shows a single bit of the low rate data D2, where D2 = +1. Fig. 24B shows a 
10 multiplexing code used by the second multiplexer 126 for multiplexing the low rate data D2. As shown in this figure, 
the multiplexing code assigned to the data D2 is w8{1 ) whose length is eight, period is T and code interval is T/8 {=Tmc). 
[0160] Fig. 24C shows an orthogonal code assigned in the first code division multiplexer 130b to the multiplexed 
signal output from the second code division multiplexer 126. For a low rate data item including D2 which has already 
been processed in the code division multiplex process, W8{1) (corresponding to Code 1 in Fig. 23) Is assigned whose 
15 length is eight, period is T/8 {=Tmc) and code interval is To {=Tmcj'8). 

[0161] Fig. 24D illustrates an example of the biorthogonal signal generated by the biorthogonal signal generator 
122b. This figure illustrates a biorthogonal signal to be multiplexed by the Code 2 in Fig. 23. tt represents the biorthog- 
onal signal {+W8(1)) whose length is eight, period is T and code interval is Tmc (=T/8). The biorthogonal signal (+W8 
(1 )) is output when the input data (d3, d2, d1 , dO) is (0, 0, 0, 1 ) = (+1 , +1 , +1 , -1 ). 
20 [0162] Fig. 24E illustrates an orthogonal code assigned to the signal as shown in Fig. 24D in the code division 
multiplexer 130b. This orthogonal code is Code 2 (corresponding to W8(2)) in Fig. 23, whose period is Tmc (=T/8), 
length is eight, and code interval is To (=Tmcj'8=T/64). 

[0163] The code division multiplexer 130b carries out multiplexing in the manner as described in connection with 
Figs. 8, 9 and 1GA-1GC: For example, it multiplies the signals as shown in Figs. 24B and 24D by the orthogonal codes 
25 as shown in Figs. 240 and 24E, which are orthogonal in the period Tmc, respectively, and sums up the resultant 
products, thereby achieving the multiplexing. 

[0164] In this case, the output signals of the second code division multiplexer 126 are multiplied in common by the 
code as shown in Fig. 24C. Hence, the signals multiplexed by the second code division multiplexer 126 cannot be 
identified by the code as shown in Fig. 24C. 

30 [0165] However, since each of the signals multiplexed by the second code division multiplexer 126 has been multi- 
plied by one of the multiplexing codes w8(0)-w8(7) of a period T, although it cannot be identified during the penod Tmc, 
it can be identified by observing it over the period T, thereby enabling the code division multiplexing. 
[0166] The multiplexer 10b as shown in Fig. 20 differs from the multiplexer 10a as shown in Fig. 1 in that it does not 
convert the low rate data into a biorthogonal signal. 

35 [0167] In data communications, voice data belong to rather low rate data, and it is said that its error rate required in 
connection with transmission quality is about 10-3 after error correction. On the other hand, image or computer data 
are rather high rate; and it is said that their error rate required is about 10-5 after error correction. Thus, demand for 
the low rate data in terms of the transmission characteristics is mitigated as compared with the high rate data. 
[0168] The multiplexer 10b as shown in Fig. 20 can apply the biorthogonal signal transmission to the middle rate 

10 data as well as to the high rate data, as the multiplexer 10a as shown in Fig. 1. This makes it possible to carry out high 
quality data transmission flexibly, and to provide the transmission quality matching the data rate in the above-mentioned 
environment. In addition, since the low rate data with mitigated transmission characteristics are not converted into 
biorthogonal signals, the higher number of multiplexing can be achieved. 

[0169] Furthermore, it is possible to keep the multiplexed number of the low rate data at the same number as that 
f5 of the multiplexer 10a as shown in Fig. 1, so as to utilize the remaining assignable orthogonal codes used for the code 
division multiplexing, for generating biorthogonal signals to improve the quality of the data transmission. 
[0170] With regard to the configuration of the spreading modulator 20 and the carrier modulator 30, those of Figs. 

12, 15, 17 and 18 can also be used as when the multiplexer 10a shown in Fig. 1 is used. 

[0171] For example, according to the configuration as shown in Fig. 12, the output of the code division multiplexer 
50 1 30b undergoes the BPSK spreading modulation, followed by the BPSK carrier modulation. 

[0172] According to the configuration as shown in Fig. 15, the output ofthe code division multiplexer 130b undergoes 
the BPSK spreading modulation using the two PN codes PN-I and PN-Q, followed by the QPSK carrier modulation. 
[0173] According to the configuration as shown in Fig. 17, the two outputs ofthe code division multiplexer 130b 
undergo the BPSK spreading modulation using the two PN codes PN-I and PN-Q, followed by the QPSK carrier mod- 
55 ulation. 

[0174] According to the configuration as shown in Fig. 18, the two outputs of the code division multiplexer 130b 
undergo the QPSK spreading modulation using the two PN codes PN-I and PN-Q, followed by the QPSK carrier mod- 
ulation. 
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[0175] The multiplexer 10b as shown in Fig. 20 has an advantage, besides the advantages achieved by combining 
the above-mentioned configurations with the multiplexer 10a as shown in Fig. 1, that desirable numbers of data can 
be properly assigned in accordance with the communication demand, the data including the middle rate data which 
undergo biorthogonal modulation after the time division multiplexing, the high rate data which undergo biorthogonal 
5 modulation without the time division multiplexing, and the low rate data which undergo two step code division multi- 
plexing. 

EMBODIMENT 3 

10 [0176] Fig. 25 is a block diagram showing a multiplexer 10c in a spread spectrum communication system according 
to the embodiment 3 of the present invention, which corresponds to the multiplexer 10 as shown in Fig. 2A. In this 
figure, the reference numeral 10c designates the multiplexer, 100 denotes the inputterminal of the pilot, 101-104 denote 
the input terminals of low rate data D1-D4, 1010-1013 denote the input terminals of low rate data D9-D12, 105 and 
106 denote the input terminals of middle rate data D5 and D6, 107 denotes the input terminal of high rate data D7, 

15 108 and 109 denote the input terminals of high rate data D8, 114 denotes a time division multiplexer TDM(C), 122c, 
1 23c, 124c and 1 25c denote biorthogonal signal generators BORTs, 127 denotes a third code division multiplexer CDM 
(C), 130c denotes a first code division multiplexer CDM(A), and 140 denotes an output terminal. 
[0177] The arrangement of the input terminals 100-104, 1010-1013, and 105-109 in the multiplexer 10c as shown 
in Fig. 25 is the same as that of the multiplexer 10b as shown in Fig. 20. 

20 [0178] In the multiplexer 10c as shown in Fig. 25, the number of data assigned to channels can be properly selected, 
in response to communication demand, in the number of the middle rate data which undergo biorthogonal modulation 
after the time division multiplexing, the number of the high rate data which undergo biorthogonal modulation without 
time division multiplexing, and the number of the low rate data which undergo two step code division multiplexing after 
the time division multiplexing. 

25 [0179] Next, the operation will now be described. 

[0180] The low rate data D1-D4 and D9-D12, and the middle rate data D5 and D6 are input to the third time division 
multiplexer 114, in which they are time division multiplexed for each rate to have the same rate as the high rate data 
D7 and D8. The third time division multiplexer 114 differs from the first time division multiplexer 110 as shown in Fig. 
1 in that although the first time division multiplexer 110 allows the middle rate data D5 and D6 to be time division 

30 multiplexed with the low rate data D1-D4, the third time division multiplexer 114 does not allow the middle rate data 
D5 and D6 to be time division multiplexed with the low rate data D1-D4 and D9-D12. 

[0181] The middle rate data which have been time division multiplexed and the high rate data which are not time 
division multiplexed are converted into biorthogonal signals through the biorthogonal signal generators 122c-125c. 
The low rate data, on the other hand, are code division multiplexed by the third code division multiplexer 127 after the 

35 time division multiplexed. The third code division multiplexer 127 differs from the second code division multiplexer 126 
as shown in Fig. 20 in the number of multiplexing. While the upper limit of the maximum multiplexing number equals 
the code sequence number of the biorthogonal signals used by the biorthogonal signal generators 122b-125b in the 
second code division multiplexer 126, it becomes the code sequence number of the biorthogonal signals divided by 
the multiplexing number in the third time division multiplexer 114. 

10 [0182] In the embodiment 3, the apparent rate of the low rate data equals the high rate 4R after the time division 
multiplexing. That is, since the multiplexed number of the low rate data is four, the upper limit of the code division 
multiplexing in the third code division multiplexer 127 becomes two (= 8/4). 

[0183] The multiplexing process in the third code division multiplexer 127 is basically the same as that shown in Figs. 
22 and 24A-24E. 

[0184] It differs in that since the multiplexing number is two, the generated orthogonal codes consists of two orthog- 
onal codes whose length is 2, period is T/4, and code interval is T/8. 

[0185] Fig. 26A is a diagram illustrating the multiplexing process in the third code division multiplexer 127. 

[0186] Fig. 26B shows the output of the biorthogonal signal generator 122c for comparison. 

[0187] Fig. 27 illustrates the multiplexing process in the code division multiplexer 130c shown as in Fig. 25. 

50 [0188] The middle rate data 85 and B6 and the high rate data B7 and B8, that is, the data except for the low rate 
data D1-D4 and D9-D12 passed through the third time division multiplexer 114 and the third code division multiplexer 
127, are handled as shown in Fig. 23 illustrating the multiplexing process in the code division multiplexer 130b shown 
in Fig. 20. Although the same code (Code 1) is assigned in common to signals multiplexed in the third code division 
multiplexer 127 for carrying out multiplexing in the code division multiplexer 130c, these signals can be identified by 

55 orthogonal codes w2{0) and w2{1 ) with a period T/4. 

[0189] The multiplexer 10c shown in Fig. 25 differs from the multiplexer 1 0b shown in Fig. 20 in that in the multiplexer 
1 0c, the input sequences to the code division multiplexer 1 30c have the same amplitude because the third time division 
multiplexer 1 14 matches the rates of the entire data with the high rate. That is, when comparing Figs. 23 with FIG. 27, 
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it is seen that although eight low rate data with small power are multiplexed in Fig. 23, two low rate data with large 
power identical to the biorthogonal signals are multiplexed in Fig. 27. 

[0190] Although the total power is the same, the variance of the peak power after the multiplexing increases with the 

number of multiplexing. Thus, adding the multiplexer in Fig. 25 has the advantage, besides the advantage of adding 
5 the third code division multiplexer 1 27 as shown in Fig. 20, that the demand for the linearity of an amplifier is moderated, 

thereby making it possible to reduce the size and the power consumption of the transmitter. 

[0191] With regard to the configuration of the spreading modulator 20 and the carrier modulator 30, those of Figs. 

12, 15, 17 and 18 can also be used as when the multiplexer 10b shown in Fig. 20 is used. 

[0192] That is, according to the configuration of the spreading modulator and carrier modulator as shown in Fig. 12, 
10 the output of the code division multiplexer 130c undergoes the BPSK spreading modulation, followed by the BPSK 

carrier modulation. 

[0193] According to the configuration of the spreading modulator and carrier modulator as shown in Fig. 15, the 
output of the code division multiplexer 130c undergoes the BPSK spreading modulation using two PN codes PN-land 
PN-Q, followed by the QPSK carrier modulation. 
15 [0194] According to the configuration of the spreading modulator and the carrier modulator as shown in Fig. 17, the 
two outputs of the code division multiplexer 130c undergo the BPSK spreading modulation using the two PN codes 
PN-I and PN-Q, followed by the QPSK carrier modulation. 

[0195] According to the configuration of the spreading modulator and the carrier modulator as shown in Fig. 18, the 
two outputs of the code division multiplexer 130c undergo the QPSK spreading modulation using the two PN codes 

20 PN-I and PN-Q, followed by the QPSK carrier modulation. 

[0196] The multiplexer 10c as shown in Fig. 25 combined with these arrangements has the following advantage, in 
addition to the advantage achieved by the multiplexer 10b as shown in Fig. 20 that desirable numbers of data can be 
properly assigned in accordance with the communication demand, the data including the middle rate data which un- 
dergo biorthogonal modulation after the time division multiplexing, the high rate data which undergo biorthogonal mod- 

25 ulation without the time division multiplexing, and the low rate data which undergo two step code division multiplexing. 
The new advantage particular to the multiplexer 10c as shown in Fig. 25 is that the number of data assignable to 
channels can be properly selected, while the channels are divided into middle rate, high rate and low rate channels in 
accordance with the communication demand, wherein the middle rate data are converted into the biorthogonal signals 
after the time division multiplexing, the high rate data are converted into the biorthogonal signals without time division 

30 multiplexing, and the low rate data undergo two step code division multiplexing after the time division multiplexing. 
[0197] As described above, according to the present invention, a spread spectrum communication system, which 
multiplexesfirst data signals, spreading modulatesthe multiplexed signals using spreading code sequences, andtrans- 
mits the spreading modulated signal after carrier modulation, comprises first time division multiplexing means for time 
division multiplexing low rate data and middle rate data, biorthogonal signal generating means for converting the time 

35 division multiplexed data and high rate data without being time division multiplexed into biorthogonal signals, and first 
code division multiplexing means for code division multiplexing the biorthogonal signals. This makes it possible to apply 
the biorthogonal signal transmission not only to the high rate data, but also to the middle rate data and the low rate 
data, and provides an advantage of achieving flexible, high quality data transmission. 

[0198] Accordingtothe present invention, a spread spectrum communication system, which multiplexes data signals, 
'fo spreading modulates the multiplexed signals using spreading code sequences, and transmits the spreading modulated 
signal after carrier modulation, comprises second code division multiplexing means for code division multiplexing low 
rate data, second time division multiplexing means for time division multiplexing middle rate data, biorthogonal signal 
generating means for converting the time division multiplexed data and high rate data into biorthogonal signals, and 
first code division multiplexing means for code division multiplexing the code division multiplexed signal and the bi- 
orthogonal signals. This makes it possible to apply the biorthogonal signal transmission not only to the high rate data, 
but also to the middle rate data, and provides an advantage of achieving flexible data transmission that can satisfy 
desired quality in accordance with the rates. 

[0199] Accordingtothe present invention, a spread spectrum communication system, which multiplexes data signals, 
spreading modulates the multiplexed signals using spreading code sequences, and transmits the spreading modulated 

50 signal after carrier modulation, comprises third time division multiplexing means for time division multiplexing low rate 
data and middle rate data for each rate, third code division multiplexing means for code division multiplexing the time 
division multiplexed low rate data, biorthogonal signal generating means for converting the time division multiplexed 
middle rate data and high rate data without being time division multiplexed into biorthogonal signals, and first code 
division multiplexing means for code division multiplexing the code division multiplexed signal and the biorthogonal 

55 signals. This makes it possible to apply the biorthogonal signal transmission not only Id the high rate data, but also to 
the middle rate data, and provides an advantage of achieving flexible data transmission that can satisfy desired quality 
in accordance with the rates. 

[0200] In addition, according to the present invention, the biorthogonal signal generating means is configured to use 
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Walsh functions as orthogonal signals. This makes it possible to readily generate the orthogonal codesfor multiplexing, 
thereby providing an advantage of reducing the size of hardware. 

[0201] According to the present invention, the first code division multiplexing means and the second code division 
multiplexing means use Walsh functions as the orthogonal codes for multiplexing. Hence, the orthogonal codes for 

5 multiplexing can be readily generated, and this serves to reduce the size of hardware. 

[0202] Furthermore, according to the present invention, the biorthogonal signal generating means employs Walsh 
functions as the orthogonal signals, and the first code division multiplexing means use the Walsh functions as the 
orthogonal codes for multiplexing. Hence, the orthogonal codes for multiplexing can be readily generated, and this 
serves to reduce the size of hardware. 

10 [0203] According to the present invention, the spreading code sequences used for the spreading modulation have 
a code period much longer than a data period. This offers an advantage of improving discrimination performance 
between the forward wave and the delayed waves. 

[0204] According to the present invention, the spreading modulation is achieved by the binary phase modulation of 
the multiplexed signal, and the carrier modulation employs the binary phase modulation. This enables the spreading 
15 modulation and carrier modulation to be achieved by only multiplying operation, thereby offering an advantage of 
implementing the transmitter and receiver with a simple configuration. 

[0205] Accordingto the present invention, the spreading modulation is achieved by the quadrature phase modulation 
of the multiplexed signal, and the carrier modulation employs the quadrature phase modulation. This enables the 
interference amount due to delay waves or other transmitted signals to be uniform, thereby improving the transmission 
20 quality. 

[0206] According to the present invention, the spreading modulation is achieved by performing the binary phase 
modulation on two multiplexed signals, and the carrier modulation employs the quadrature phase modulation. This 
provides an advantage of implementing the transmitter and receiver with a simple configuration, and of improving the 
transmission quality or transmission efficiency. In addition, this offers an advantage of reducing the size of the system 

25 and the power consumption because the peak power can bo reduced. 

[0207] According to the present invention, the spreading modulation is achieved by performing the quadrature phase 
modulation on two multiplexed signals, and the carrier modulation employs the quadrature phase modulation. This 
enables the interference amount due to delay waves or other transmitted signals to be uniform, thereby improving the 
transmission quality or transmission efficiency. In addition, this offers an advantage of reducing the size of the system 

30 and the power consumption because the peak power can be reduced. 

[0208] According to the present invention, an orthogonal signal generator, which generates an orthogonal signal by 
selecting one of orthogonal functions in response to input data, comprises a plurality of AND circuits for performing 
AND operation of input data bits and clock signals obtained by halving stepwise a clock signal corresponding to the 
code rate of the orthogonal function, and a first exclusive OR circuit for performing exclusive OR operation of the 

35 outputs of the AND circuits and outputting the result as the orthogonal signal. This makes it possible to generate the 
desired orthogonal signal from only the input data and the clock signals which are easily generated, thereby providing 
an advantage of simplifying hardware structure. 

[0209] Furthermore, according to the present invention, a biorthogonal signal generator, which generates a biorthog- 
onal signal by performing polar operation on an orthogonal signal, comprises a plurality of AND circuits for performing 
10 AND operation of input data bits and clock signals obtained by halving stepwise a clock signal corresponding to the 
code rate of the orthogonal signal, a first exclusive OR circuit for performing exclusive OR operation of the outputs of 
the AND circuits and outputting the result as the orthogonal signal, and a second exclusive OR circuit for performing 
exclusive OR operation of one of the data bits and the orthogonal signal output from the first exclusive OR circuit and 
outputting the biorthogonal signal. This makes it possible to generate the desired biorthogonal signal from only the 
input data and the clock signals which are easily generated, thereby providing an advantage of simplifying hardware 
structure. 

[021 0] Moreover, according to the present invention, an orthogonal code generator, which simultaneously outputs a 
plurality of different orthogonal codes, comprises a plurality of exclusive OR circuits for performing exclusive OR op- 
eration of one of the different combinations composed of a logically significant level and a plurality of clock signals 
50 obtained by halving stepwise a clock signal corresponding to the code rate of the orthogonal code. This makes it 
possible to generate the plurality of orthogonal codes that are orthogonal to each other from only the input data and 
the clock signals which are easily generated, thereby providing an advantage of simplifying hardware structure. 



55 Claims 

1 . A spread spectrum communication system comprising following elements A, B, and C, 
said element A comprising 
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a first time division multiplexing means (110 or 11 2) for time division multiplexing middle rate data, 
biorthogonal signal generating means (121, 122a, 1 23a, 1 24a, 1 25a or 1 22b, 1 23b, 124b, and 1 25b)for converting 
into biorthogonal signals time division multiplexed data from said first time division multiplexing means (110) and 
high rate data which have not been time division multiplexed and 
5 first code division multiplexing means (130a) for code division multiplexing said biorthogonal signals; 

said element B comprising 

spreading modulation means (20) for spreading modulation a multiplexed signal obtained by said first code division 
multiplexing means (130a, 130b or 130c) by using a spreading 
code sequence; and 
10 said element C comprising 

carrier modulation means (30) for performing carrier modulation by said spread modulating means (20) by using 
a spread modulated signal, transmission means for externally transmittting the signal obtained by said carrier 
modulation performed by said carrier modulation means (30). 

15 2. A spread spectrum communication system according to claim 1 
characterizod in that 

said first time division multiplexing means (110) multiplexes low rate data and said middle rate data. 

3. A spread spectrum communication system according to claim 1 characterized in that 
20 said element A comprises further 

second code division multiplexing means (126) for code division multiplexing only low rate data; and 

that said first code division multiplexing means (130b) code division multiplexes said low rate data, which were 

code division multiplexed by said second code division multiplexing means, and said biorthogonal signals. 

25 4. A spread spectrum communication system according to claim 1 characterizod in that 

the first time division multiplexing means (114) time multiplexes low rate data and middle rate data independently 

in accordance with their rates; 

that said element A comprises further 

a third code division multiplexing means (127) for code division multiplexing time division multiplexed low rate data; 
30 and 

that said first code division multiplexing means (130b) code division multiplexes said low rate data, which were 
time division multiplexed by said first time division multiplexing means (114) and code division multiplexed by said 
third code division multiplexing means (127) and said biorthogonal signals. 

35 5. The spread spectrum communication system according to one of claims 1 to 4, wherein said biorthogonal signal 
generating means (121, 122a, 123a, 124a and 125a, 122b, 123b, 124b, 125b, 122c, 123c, 124c and 125c) uses 
Walsh functions as orthogonal signals, and said first code division multiplexing means (130a, 130b and 130c), or 
said first code division multiplexing means and said second code division multiplexing means (130a, 130b, 130c 
and 126) uses Walsh functions as multiplexing orthogonal signals. 

40 

6. The spread spectrum communication system according to one of claims 1 to 5, wherein said spreading code 
sequence used in the spreading modulation performed by said spreading modulation means (20) has a code period 
much longer than a data period of said low, middle and high rate data. 

f5 7. The spread spectrum communication system according to any one of claims 1 to 6, wherein the spreading mod- 
ulation performed by said spreading modulation means (20) is either binary phase modulation or quadrature phase 
modulation onto said multiplexed signal, and wherein the carrier modulation performed by said carrier modulating 
means (30) is one of binary phase modulation and quadrature phase modulation. 

50 8. The spread spectrum communication system according to any one of claims 1 to 6, wherein the spreading mod- 
ulation performed by said spreading modulation means (20) is either binary phase modulation or quadrature phase 
modulation onto two multiplexed signals, and wherein the carrier modulation performed by said carrier modulating 

means (30) is quadrature phase modulation. 

55 9. The spread spectrum communication system according to any one of claims 1 to 8, wherein said biorthogonal 
signal generating means comprises a plurality of AND circuits (1224, 1225 and 1226) each for performing AND 
operation between a bit of input data and a clock signal obtained by stepwise halving a clock signal whose code 
rate corresponds to orthogonal functions; and a first exclusive OR circuit (1227) inputting a plurality of outputs of 
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said plurality of AND circuits (1224, 1225 and 1226) for performing exclusive OR operation of them to output its 
result as an orthogonal signal, wherein said biorthogonal signal generating means selects one of orthogonal func- 
tions in accordance with said input data and outputs selected one as the orthogonal signal. 

10. The spread spectrum communication system according to claim 9, wherein a second exclusive OR circuit for 
performing exclusive OR operation between a further one bit of said input data and the orthogonal signal output 
from said first exclusive OR circuit to output a biorthogonal signal, wherein said biorthogonal signal generating 
means performs polarity operation on the orthogonal signal and outputs the biorthogonal signal. 

11. The spread spectrum communication system according to any one of claims 1 to 8, wherein said first code division 
multiplexing means comprises a plurality of exclusive OR circuits (13200-13207) each for performing exclusive 
OR operation of one of all possible combinations of a logically significant level and a plurality of clock signals 
obtained by stepwise halving a clock signal whose code rate corresponds to orthogonal codes, wherein said first 
code division multiplexing means outputs simultaneously a plurality of orthogonal code set which are orthogonal 
to each other. 



Patentanspriiche 

1 . Spreizspektrums-Kommunikationssystem, das die folgenden Elemente (A), (B) und (C) aufweist, welches Element 
(A) aufweist: 

eineerste Zeitteilungs-Multiplexvorrichtung (110 Oder 112) fiireine Zeltteilungs-Multiplexverarbeitung von Da- 
ten mit mittlerer Geschwindigkeit, 

eine Erzeugungsvorrichtung fur biorthogonale Signale (121, 122a, 123a, 124a, 125a oder 122b, 123b, 124b 
und 125b)zum Umwandein vondurchdieersteZeitteilungs-Multiplexvorrichtung(110)einerZeltteilungs-Mul- 
tiplexverarbeitung unterzogenen Daten und von Daten mit hoherGeschwindigkeit, die nicht einerZeitteilungs- 
Multiplexverarbeitung unterzogen wurden, in biorthogonale Signale, und 

eine erste Codeteilungs-Multiplexvorrichtung (130a), um die biorthogonalen Signale einer Codeteilungs-Mul- 
tiplexverarbeitung zu unterziehen; welches Element (B) aufweist: 

eine Spreizmodulationsvorrichtung (20) fiir eine Spreizmodulation eines von der ersten Codeteilungs- 
Multiplexvorrichtung (130a, 130b oder 130c) erhaltenen, einer Multiplexverarbeitung unterzogenen Si- 
gnals durch Verwendung einer Spreizcodefolge; und 
das Element (C) aufweist: 

eine Tragermodulationsvorrichtung (30) zum Durchfuhren einer Tragermodulation durch die Spreiz- 
modulationsvorrichtung (20) durch Verwendung cincs spreizmodulierten Signals, 
eine Obertragungsvorrichtung zum externen Ubertragen des durch die von der Tragermodulations- 
vorrichtung (30) durchgefiihrte Tragermodulation erhaltenen Signals. 

2. Spreizspektrums-Kommunikationssystem nach Anspruch 1, dadurch gekennzeichnet, dass die erste Zeittei- 
lungs-Multiplexvorrichtung (110) Daten mit geringer Geschwindigkeit und Daten mit einer mittleren Geschwindig- 
keit einer Multiplexverarbeitung unterzieht. 

3. Spreizspektrums-Kommunikationssystem nach Anspruch 1, dadurch gekennzeichnet, dass das Element (A) 
weiterhin aufweist: 

eine zweite Codeteilungs-Multiplexvorrichtung (126), um nur die Daten mit langsamer Geschwindigkeit einer 
Codeteilungs-Multiplexverarbeitung zu unterziehen; und 

dass die erste Codeteilungs-Multiplexvorrichtung (130b) die Daten mit niedriger Geschwindigkeit, die durch 
die zweite Codeteilungs-Multiplexvorrichtung einer Codeteilungs-Multiplexverarbeitung unterzogen wurden, 
und die diorthogonalen Signale einer Codeteilungs-Multiplexverarbeitung unterzieht. 

4. Spreizspektrums-Kommunikationssystem nach Anspruch 1, dadurch gekennzeichnet, dass 

die erste Zeitteilungs-Multiplexvorrichtung (114) die Daten mit geringer Geschwindigkeit und die Daten mit mittlerer 

Geschwindigkeit unabhangig einer Zeltmultiplexverarbeitung gemal^ ihren Geschwindigkeiten unterzieht; 

dass das Element (A) weiterhin eine dritte Codeteilungs-MuHiplexvorrichtung (127) aufweist, um einerZeitteilungs- 
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Multiplexverarbeitung unterzogene Daten mit niedrigerGeschwindigkeiteinerCodeteilungs-Multiplexverarbeitung 
zu unterziehen; und 

dass die erste Codeteilungs-Multiplexvorrichtung (130b) die Daten mit niedriger Gescliwindiglteit, die von der er- 
sten Zeitteilungs-Multiplexvorriclitung (114) einer Zeitteiiungs-Muitiplexverarbeitung und von der dritten Codetei- 
lungs-IVIultiplexvorrichtung (127) einer Codeteilungs-IVIultiplexverarbeitung unterzogen wurden, und die die ortlio- 
gonalen Signale einer Codeleilungs-Multiplexverarbeitung unterzielit. 

5. Spreizspektrums-Kommunlkationssystem nacheinem der Anspriiche 1 bis4, bei dem die Erzeugungsvorrichtung 
fur biorthogonale Signale {121, 122a, 123a, 124a und 125a, 122b, 123b, 124b, 125b, 122c, 123c, 124c und 125c) 
Walsh-Funktionen als orthogonale Signale venvendet und die erste Codeteilungs-Multiplexvorrichtung {130a, 
130b und 130c) Oder die erste Codeteilungs-IWultiplexvorriclitung und die zweite Codeteilungs-Multiplexvorrich- 
tung (130a, 130b, 130c und 126) Walsli-Funktionen als Multiplexverarbeitung orthogonaler Signale verwendet. 

6. Spreizspektrums-Kommunikationssystem nach einem der Anspriiche 1 bis 5, bei dem die bei der von der Spreiz- 
modulationsvorrichtung (20) durchgefiihrten Spreizmodulation venwendete Spreizcodefolge eine Codeperiode hat, 
die viel langer als eine Datenperiode der Daten mit niedriger, mittlerer und hoher Geschwindigkeit ist. 

7. Spreizspektrums-Kommunikationssystem nach einem der Anspruche 1 bis 6, bei dem die von der Spreizmodula- 
tionsvorrichtung (20) durchgefuhrte Spreizmodulation entweder eine binare Phasenmodulation oder eine um 90 
Grad verschobene Phasenmodulation bei dem einer Multiplexverarbeitung unterzogenen Signal ist, und bei dem 
die von der Tragermodulationsvorrichtung (30) durchgefuhrte Tragermodulation entweder eine binare Phasenmo- 
dulation Oder eine um 90 Grad verschobene Phasenmodulation ist. 

8. Spreizspektrums-Kommunikationssystem nach einem der Anspruche 1 bis 6, bei dem die von der Spreizmodula- 
tionsvorrichtung (20) durchgeftihrte Spreizmodulation entweder eine binare Phasenmodulation oder eine um 90 
Grad verschobene Phasenmodulation bei zwei einer Multiplexverarbeitung unterzogenen Signalen ist, und bei 
dem die von der Tragermodulationsvorrichtung (30) durchgefuhrte Tragermodulation eine um 90 Grad verscho- 
bene Phasenmodulation ist. 

9. Spreizspektrums-Kommunikationssystem nach einem der Anspruche 1 bis 8, bei dem die Erzeugungsvorrichtung 
fur biorthogonale Signale mehrere UND-Schaltungen (1224, 1225 und 1226) jeweils zur Durchfuhrung einer 
UND-Verkniipfung zwischen einem Bit von Eingangsdaten und einem Taktsignal, das durch schrittweise Halbie- 
rung eines Taktsignals, dessen Codegeschwindigkeit orthogonalen Funktionen entspricht, erhalten wurde, und 
eine erste Exklusiv-ODER-Schaltung (1227), die mehrere Ausgangssignale der mehreren UND-Schaltungen 
{1224, 1225 und 1226) aufnimmtzum Durchfiihren cincr Exklusiv-ODER-Verknupfung von diesen, um deren Er- 
gebnis als ein orthogonales Signal auszugeben, aufwcist, wobci dio Erzeugungsvorrichtung fur biorthogonale Si- 
gnale eine von orthogonalen Funktionen gemalJ den Eingangsdaten auswahit und die ausgewahlte als das ortho- 
gonale Signal ausglbt. 

10. Spreizspektrums-Kommunikationssystem nach Anspruch 9, bei dem eine zweite Exklusiv-ODER-Schaltung zum 
Durchfiihren einer Exklusiv-ODER-Verknupfung zwischen einem weiteren Bit der Eingangsdaten und dem von 
der ersten Exklusiv-ODER-Schaltung ausgegebenen orthogonalen Signal, um ein biorthogonales Signal auszu- 
geben, vorgesehen ist, wobei die Erzeugungsvorrichtung fiir biorthogonale Signale eine Polaritatsoperation bei 
dem orthogonalen Signal durchfiihrt und das biorthogonale Signal ausgibt. 

11. Spreizspektrums-Kommunikationssystem nach einem der Anspriiche 1 bis 8, bei dem die erste Codeteilungs- 

Multiplexvorrichtung mehrere Exklusiv-ODER-Schaltungen (13200-13207) jeweils zum Durchfiihren einer Exklu- 
siv-ODER-Verknupfung von einer von alien moglichen Kombinationen eines logisch signifikanten Pegels und meh- 
rerer Taktsignale, die durch schrittweises Halbieren eines Taktsignals, dessen Codegeschwindigkeit orthogonalen 
Codes entspricht, erhalten wurden, aufweist, wobei die erste Codeteilungs-Multiplexvorrichtung gleichzeitig meh- 
rere gesetzte orthogonale Codes, die zueinander orthogonal sind, ausgibt. 



Revendications 

1 . Un syst6me de communication par statement de spectre comprenant les 6l6ments A, B et C suivants, 
ledit 6l6ment A comprenant 

un premier moyende multiplexage temporel (IIOou 112) pourdes donnees a moyen debit en multiplexage tem- 
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porel, 

un moyen de g6n6ration de signaux biorthogonaux {121, 122a, 123a, 124a, 125a ou 122b, 123b, 124b et 125b) 
pour convertir en signaux biorthogonaux des donnees multiplexees temporellement, provenant dudit premier 
moyen de multiplexage tempore! (110), et des donnSes d liaut dSbit qui n'ont pas 6t6 multiplexees temporellement 
et 

un premier moyen de multiplexage par repartition par code {130a) pour multiplexer par repartition par code lesdits 
signaux biorthogonaux ; 

ledit element B comprenant 

un moyen de modulation par statement (20) pour la modulation par statement d'un signal multiplex^ obtenu par 
ledit premier moyen de multiplexage par r6partition par code (130a, 130b ou 130c) en utilisant une s6quence de 

code d'etalement ; et 

ledit element C comprenant 

un moyen de modulation de porteuse (30) poureffectuer une modulation de porteuse par ledit moyen demodulation 
par Stalement (20) en utilisant un signal moduli par ^talement, un moyen de transmission pourSmettre d I'ext^rieur 
le signal obtenu par ladite modulation de porteuse efFectu6e par ledit moyen de modulation de porteuse (30). 

Un syst^me de communication par ^talement de spectre selon la revendication 1 , caract^ris^ en ce que 

ledit premier moyen de multiplexage temporel (110) multiplexe des donnees a bas debit et lesdites donnees a 

moyen d6bit. 

Un systeme de communication par etalement de spectre selon la revendication 1 , caracterise en ce que 

ledit element A comprend en outre 

un deuxieme moyen de multiplexage par repartition par code (126) pour ne multiplexer par repartition par code 

que les donnees a bas debit ; et 

ledit premier moyen de multiplexage par repartition par code (130b) multiplexe par repartition par code lesdites 
donnees a bas debit, qui ont ete multiplexees par repartition par code par ledit deuxieme moyen de multiplexage 
par repartition par code et lesdits signaux biorthogonaux. 

Un syst6me de communication par 6talement de spectre selon la revendication 1 caractirisi en ce que 
le premier moyen de multiplexage temporel (114) multiplexe temporellement des donnees a bas debit et des don- 
nees a moyen debit independamment, suivant leurs debits ; 
ledit 6l6ment A comprend en outre 

un troisieme moyen de multiplexage par repartition par code (127) pour multiplexer par repartition par code des 
donnees d bas dSbit multiplexees temporellement ; et 

ledit premier moyen de multiplexage par repartition par code (130b) multiplexe par repartition par code lesdites 
donnees a bas debit, qui ont ete multiplexees temporellement par ledit premier moyen de multiplexage temporel 
(114) et multiplexees par repartition par code par ledit troisieme moyen de multiplexage par repartition par code 
(127) et lesdits signaux biorthogonaux. 

Le systeme de communication par etalement de spectre selon I'une des revendications 1 a 4, dans lequel ledit 
moyen de generation de signaux biorthogonaux (121, 122a, 123a, 124a et 125a, 122b, 123b, 124b, 125b, 122c, 
123c, 124c et 125c) utilise des fonctions de Walsh en tant que signaux orthogonaux, et ledit premier moyen de 
multiplexage par repartition par code (130a, 130b et 130c), ou ledit premier moyen de multiplexage par repartition 
par code et ledit deuxieme moyen de multiplexage par repartition par code (130a, 130b, 130c et 126) utilise(nt) 
des fonctions de Walsh en tant que signaux orthogonaux de multiplexage. 

Le systeme de communication par etalement de spectre selon I'une des revendications 1 d 5, dans lequel ladite 
sequence de code d'etalement utilisee lors de la modulation par etalement effectuee par ledit moyen de modulation 
par etalement (20) a une periode de code beaucoup plus longue qu'une periode de donnees desdites donnees d 

bas, moyen et haut debit. 

Le systeme de communication par etalement de spectre selon I'une quelconque des revendications 1 a 6, dans 
lequel la modulation par etalement effectuee par ledit moyen de modulation par etalement (20) est soit une mo- 
dulation de phase binaire, soit une modulation en quadrature de phase sur ledit signal multiplexe, et dans lequel 
la modulation de porteuse effectuee par ledit moyen de modulation de porteuse (30) est soit une modulation de 
phase binaire, soit une modulation en quadrature de phase. 

Le systeme de communication par etalement de spectre selon I'une quelconque des revendications 1 a 6, dans 



25 



EP 0 809 364 B1 



lequel la modulation par etalement effectuee par ledit moyen de modulation par etalement (20) est soit une mo- 
dulation de phase binaire, soit une modulation en quadrature de phase sur deux signaux multiplexes, et dans 
lequel la modulation de porteuse effectuee par ledit moyen de modulation de porteuse (30) est une modulation 
en quadrature de phase. 

9. Le systeme de communication par etalement de spectre selon I'une quelconque des revendications 1 a 8, dans 
lequel ledit moyen de g6n6ration de signaux biorthogonaux comprend une plurality de circuits ET (1224, 1225 et 
1226), chacun servant a effectuer une operation ETentre un bitde donnees d'entree et un signal d'horloge obtenu 
en divisant par deux, par eta pes successives, un signal d'horloge dont le debit de code correspond d des fonctions 
orthogonales ; et un premier circuit OU exclusif (1227) ayant comme entree une plurality de sorties de ladite plu- 
ralite de circuits ET (1224, 1225 et 1226) pour effectuer une operation de OU exclusif sur elles pour fournir en 
sortie son resultat en tant que signal orthogonal, dans lequel ledit moyen de g6n6ration de signaux biorthogonaux 
selectionne I'une des fonctions orthogonales conformement aux diles donnees d'entree etfournit en sortie celle 
s6lectionn6e en tant que signal orthogonal. 

10. Le systeme de communication par etalement de spectre selon la revendication 9, dans lequel un deuxieme circuit 
OU exclusif effectue une operation de OU exclusif entre un autre bit desdites donnees d'entree et la sortie de 
signal orthogonal fourni en sortie dudit premier circuit OU exclusif pour fournir en sortie un signal biorthogonal, 
dans lequel ledit moyen de g6n6ration de signaux biorthogonaux effectue une operation de polarit6 sur le signal 
orthogonal et fournit en sortie le signal biorthogonal. 

11. Le systeme de communication par etalement de spectre selon I'une quelconque des revendications 1 d 8, dans 
lequel le premier moyen de multiplexage par repartition par code comprend une pluralite de circuits OU exclusif 
(13 200 a 13 207), chacun effectuant une operation OU exclusif d'une parmi toutes les combinaisons possibles 
d'un niveau logiquement signif icatif et d'une pluralite de signaux d'horloge obtenus en divisant par deux, par eta pes 
successives, un signal d'horloge dont le debit de code correspond a des codes orthogonaux, dans lequel ledit 
premier moyen de multiplexage par repartition par code produit simultandment une plurality d'ensembles de codes 
orthogonaux qui sont orthogonaux les uns aux autres. 
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